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MILITARY CURRICULUM MATERIALS

The military-developed curriculum materials in this course
package were selected by the National Center for Research in
Vocational Education Military Curriculum Project for dissem-
ination to the six régional Curriculum Coordination Centers and
other instructional materials agencies. The purpose of
disseminating these courses was to make curriculum materials
developed by the military more accessible tO vocational -
educators in the c:.v:.han setting.

-, The course matenals were acquired, evaluated by project
staff .and practitioners in the field, and prepared for
dissemination. Materials which were specific to the military
were deleted, oopyrighted materials were either amitted or appro~
val for their use was obtained. These course packages contain
curriculum resource materials which can be adapted to support
vocational instruction and curriculum development.
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an activity to jncrease the accessibility of
military-developed curriculum materials 1o

vocational and technical educators.

This project, funded by the U.S. Dffice of
Education, includes the identification and
acquisition of curriculum materials in print
form®™from=the Coast Guard, Air Force,
Army, Marine Corps and Navy.

Aoqes; to *military curriculum materials is

provided through a “Joint Memorandum of
Understanding” between the U.S. Office of
Educstion and. the Department of Defense.

The acquired materials are reviewed by staff
and subject matter specialists, and courses
deemed zpplicable to vocational and tech-

nical education are selected for dissemination.

. The National Center for Research in

Vocational Education is the U.S. Dffice of
Education's designated representative to

P acquure the materials and cond uct the project

activities.

s Project Staff;

Wesley. E. Budke, Ph.D., Director
National Center Clearinghouse
Shirley A. Chasge, Ph.D.

- . =
Project Director

What Materials

vailable?
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One hundred twenty courses on microfiche
(thirteen in paper form) and descriptions of
each have been provided to the vocational
Curriculum Coordination Centers and other
|nstructlor|al materials agencues for dissemi-
nation.

Course materials include programmed
instruction, curriculum outlines, instructor
guides, student workbooks and technical
manuals.

The 120 courses represent the following
six teen vocational subject areas:

Food Service

Health

Heating & Air
Conditioning

Machine Shop

Management &
Supervision

Meteorology &

Agricuiture
Aviation
Building &
Construction
Trades
Clerical
Occupations
Communications
Drafting Navigation
Electronics Phctography
Engine Mechanics Public Service
The number of courses and the subject areas
represented will expand as adfitional mate-
rials with application to VOCEOM and
technical education are identifi
for dissemination.

How Can fhese :
Matenals Be Obtamed"

e rete

Contact the Curricuium Cébrdination Center
in your region for information on obtaining
materials (e.g., availability and cost). They
will respond to your request directly or refer
you to an instructional materials agency

and selected J

closer to you.

CURRICULUM COORDINATION CEMYERS

EAST CENTRAL
Rebecca 5. Douglass
Director

100 North First Street
Springfield, IL. 62777
21 7!78_2-0759

-

MIOWEST

Hobert Patton
Director

1515 West Sixth Ave.
Stillwater, OK 74704

405/377 2000

NORTHEAST

Joseph F. Ketly, Ph.D.
Director

225 West State Street
Trenton, NJ 08625
609/292.68562

NORTHWEST
William Oaniels
Director

Building 17
Airdustrial Park
Olympia, WA 98504
206/753-0879

SOUTHEAST;

James F. Shill, Ph-0.

Direcior

Mississippi State University
Drawer OX

Mississippi State, MS 39762

601/325-2510

WESTERN

Lawrence F. H. Zane, Ph.O,
Director

1778 University Ave.
Honolulu, Ht 96822
808/948-7834 5
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The National Center for Research in

Vocational Education’s mission is to increase

the ability of diverse agencies, institutions,

and organizations to solve educational prob-

lems relating to individual career planning,

%reparatior., and progression. The National
enter fulfills its mission by: '
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» "Generating i(novyledge through research

Developing educational programs ancf
products

Evaluating individual program needs - B -
and outcnmes - el .

" Installing educational programs and
products

Operating information systems and”
services

* Conducting lead'crship development and
. training programs

FOR FURTHER INFORMATION ABOUT
* Military Currtculum Materials
WRITE OR CALL 4
Program Information Office o,
The National Center for Research in Vocational
Education
The Ohio Stafe University .
wray Road, Columbus, Ohio 43210
one! 614/485.3655 or Toll Free 800/
848-4815 within the continental U.S.
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MODULE THREE

Reslstance

L]

___In this-module you wil) learn of the opposition offered to electron
. current flow. You will ‘learn what this opposition does, why It Is
needed, and how It Is used. “You wili further learn about.the instrument
used to measure this opposition and how to use It.

o
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' For you to more easlly iearn the above, this module has been dlvlded

.‘,.
e

into the following four iessons:

~ ot - L]

AL

flésson l. ) ‘Characteristics of Reslgtance
Lesson 1. ) . Resistors . . .

Lesson 141, =~ . . Reslistor Values -
! )
Lesson IV. i Obmmeters

L]

»

Do not be concernéd at this time with names or terms unfamiliar to

you' EacH will become clear as you ﬁroceed. However, if you have
“ihy-ﬁuestions,,do not hesitate to call your Instructor. Turn to

the foliowfng page and begin Lesson 1. |




B,

-
'

Sne AraTe o Pl Ak

=i

———

.

e

Ry
é\ *r }‘3

ERITLR
<

o

W B
1

(
o
%
|
1
4

repans.

Dy

S

= \? =3

PAFuliToxt Provided nm: 3




] S O P
N ’

4

BASIC ELECTRICITY AND ELECTRONICS

- INDIVIDUALIZED LEARNEING SYSTEM

MODULE THREE
LESSON i

. Characterlstics of Boslstance

L
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q- Characteristics of Resistance

]

In the lesson you wil1 study and learn about the FolTowing:

-
-

Fy L]

=conductors

-non-conductors, ' ﬁéﬁ
-how reslstance Is used

Each of the above topics in this lesson wili be discus.ed In the
order listed. As you proceed through this lesson, ciserve and
follow directions carefully. oo '

&

- I

BEFORE YOU START THIS LESSON, PREVIEN THE LIST OF STUDY RESOURCES
ON THE NEXT PAGE. i

,




Threa~!

LI1ST OF STUDY RESOQURCES
LESSON 1

‘Characteristics of Resistance

To learn the materisal in this lesson, you have the option of choosing,
according to.your experience and preferences, any or ali of the foliowing:

STUDY B0v..
Lesson I.. ‘rative

El

Programmed Instructiop
Lesson Summary

-

ENRICHMENT MATERIAL: .
NAVPERS 93400A~la '"Basic Electricity, Direct Current."
Fundamertais of Electronics. Bureau of Naval Personnei.
, Weshington, D.C.: U.S. Governuent Printing Office, 1965.

Remember, you may study all or any of these that you feel are . necessary
to answer all Progress Check questions correctly. Do not forget that
Tn one sense of the word your Instrucior is a living resource; perhaps
the best. Cail him If you have any kind of a problem.

%

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU MAY
TAKE THE PROGRESS CHECK AT ANY TIME.
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. LESSON |

Characteristics of Reslstance

Res|stance

So far you have learned about two electrical quantities present in
any clrcult, and have seen or measured thelr effects In your
power supply and the other clrcuits you built. These factors are,
of course, current flow and voltage.

SRR R VL L L L e A E
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{

A third factor present !n all clrcuits Is resistance. Reslstance
Is the property that opposes current flow. It might be compared
to the frictlon whilch.opposes the movement of a box across a
floor. If you push a Kéavy box across a nice smooth, polished
floor, It will move easily for there Is little frictlon. If,
however, the same box,Is pushed across a rough concrete floor, It
wlll be much harder to push. -

P L e W 3T
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in & clrcult with little resistance, electrons move easlily, and

a small voltage will cause a high current flow. .This same smal)
voltage will be.able to push only a smatl current through a clr-
cuit contalnlng a lot of resistance, for the resisfnce reduces the
flow of electrons In the circuit just as a change in the floor
surface affects the effort that.ls required to move the box.

v
3

TRt i

Electrical resistance usually is represented by the letter R.
The unit of measure for resistance is the ohm symbolized by the
Greek letter omega (2). :

a i

uf
- Conductors

All materials have some reslstance, but some materlals have much
more reslstance than others. This Is due to differences In thelr
atomlc and chemical structure.. Copper Is a good conductor. It
has many free electrons, so current flows through copper easily.
Therefore, copper has low resistance. Some other conductors are
aluminum, gold, and siliver. .
Y - . L
Conductors, then, have 1ow reslstance and are used to carry. elec-
trons through a circult to do work in the load or loads In that
circult. B8y uslng low resistance conductors, little energy is
needed to move the current. through the conductor, and almost atl
the clectrons' energy Is left to do work In the load.

a

[

Non~Conductors

Atoms which do not easlly iet go of theif electrons are charac-
teristic of materials which are called non-conductors or Insulators.
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Non-conductors have high resistance. We use them to protect people
or parts of circuits where we do not want an electrical connection.
A good example of an insulator Is the plastic sieeves on your test
leads. These sleeves protect you from contact with dangerous parts
of a circuit when you are making measurements. Glass, rubber,
vinyl, mica, and dry air are some other common insulators.

The atomic structure of a material deterniines basically how much
resistance the material has, because It determines how easily
electrons can be freed for current flow in a given volume of
material. The more free electrons per unit area, the lower the
resistance of the materlal.

The cross-sectional area of the material also affects fts resistance.
The larger the diameter of a wire, the greater the quantity of free
electrons avallable and the lower the resistance.

The final faztor which affects the resistance of a material is its
length; the longer the wire, the farther the electrons must travel
in the resisting medium, and the higher the resistance. A piece
of wire 2 inches long will have twice the resistance of a 1-inch
piece of the same wire.

Resistanc:. IS Used

Much of the work done in electric circuits depends on resistance.
When current flows through a resistance, the energy removed from
the electrons Is glven off In the form of heat. In 2lectric toast-
ers, irons, blankets and stoves,-this heat Is used directly. In
a lamp- (like the one In your power supply), the fllament in the
lamp Is heated unti! it glows brightly and provides light. In
each case, electrons gain energy from the source, and then glve
off this added energy in the form of heat when they go through
the load.

it Is often necessary to limlit the current ficw In a clrcuit se
that parts of the circulit will not be damaged by too-much current.
Resistance, in the form of a resistor, Is uscd to do this job.- A
-reSTstor is a circuit component which contains a measured amount
of resistance Iin one neat package. {n the next lesson you will
learn more about resistors.

AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUOY ANY -
OF THE OTHER RESOURCES LISTEO. |IF YOU TAKE THE PROGRESS CHECK ANO
ANSWER -ALL OF THE QUESTYONS CORRECTLY, GO TO TRE NEXT LESSON. IF NOT,
STUDY ANY METHOD OF INSTRUCTION YOU WISK UNTIL YOU CAN ANSWER ALL THE
QUESTIONS CORRECTLY.
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PROGRAMMED INSTRUCTJON
LESSON ! ,

Chargcteri_s'.tlcs of Res!stance

TEST FRAMES ARE 10, 21, AND 29. AS BEFORE, GO FIRST TO TEST FRAME 10
AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE OIREC- -
TIONS GIVEN AFTER THE TEST FRAME. .

. Recall that current flow is the directed movement of electrons.
This movement s not unopposed; all materials offer some opposi-
tion to the flow of current. This opposition to current flow
is called resistance. o
The purpose of the wlres {conductors) In your power supply Is

to transfer electrical energy with as little loss as possible.

They have ‘a:

a. hlgh resistance. .
low resistance.

b)) low resist.nce

Ld
g
£,
X
1N
v
Lo
g
.
4.

Resistance reduces the amount of electron movement.
This means that resistance:

asslsts the movement of electrons.
timits the flow of current.
reduces the applied voltage.

adds electrons. - -

(b} limits the flow of .current

The term used to describe opposition to current Is abbreviated R.

R stands for _

‘{res)stance)
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k. Which correctly defines resistance?

Resistance is the reduction of applied voltage.
Resistance is the directed drift of electrons.
Resistance is the opposition to current.
_Resistance Is the limiting of the total pumber of
electrons in a material. A

- o o m e B m e

*\?

{c) Resistance is the opposition to current,

5. The unit of measure for resistance Is the ohm, which Is repre-~
sented by the Greek letter omega {2).

If a conductor has 5@, this means sgpcifical!y that the conductor:

will reduce current by {52) amperes.
is 5 ohms long.

has 5 units of opposition.

will have 5 ohms of current.

(¢} has 5 units of opposition

'Hatch:

{1.¢; 2. a3 3. b}

7. An ohm is the unit of resistance which wlll allow 1 amp of cur-
rent-to flow if 1 volt Is applied. .

- ~--fne ohm could also be expressed as:

e

a. 2 volts per amp.
be. 1 ohm per amp.

¢. 1 amp per volt.
d. 1 volt per ohm.

{c) 1 amp per volt
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8. Which correctly defines the ohm?

the opposition offered to current by a conductor.

the unit of measure for electron displacement. -

the resistance that will permit 1 amp of current to flow
If 1 volt Is applied.

the unit of measure for applled force.

{c) the reslstance that will permit 1 amp of current to Flow
if 1 volt is applied

-

9. The symbol used to represent the ohm is:

10. Electrical resistance:

opposes current flow.

has littie or no effect on current.
asslsts voltage.

1imits the amount of current.

is represented by tha letter R and measured In ohms.
Is a measure of the, amount of current flow In a wire.

(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSHERS GIVEN AT THE TOP OF THE NEXT PAGE.) .

' ‘t' ral
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ANSWERS ~ TEST FRAME 10

a.” opposes current flow,

d. L{a?}f the amcunt of current.

is represented by the letter R and measursd In ohms.

TF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO
TEST FRAME 21. OTHERWISE, GO BACK TO FRAME | AND TAKE THE PRO-
GRAMMED SEQUENCE BEFORE TAKING TEST FRAME 10 AGAiN.

. All matter offers resistance to current. One of the factors
which affect ‘resistance 1s the atomic structure of the material
used as a conductor. Since different materials (e.g., silver,
lead, ‘copper) have different atomic structures, you can infer that:

___a. some materials have greater resistance than others.
.. b. -materials with atomic structures which offer [ittle
opposition are good conductors.

materials with atomic structures that oppose current
are good conductors. y

some materials have greater reslstance ¢han others; and,

b. materials with atomic structures which offer little opposition\
are good conductors) : R

. Recall that current is thé directed drift of freé electrons.

From this you can inferf}hat materials which are good conductors
are those which:

.. a. have electrons that are easily dlslodged from the atoms.
___b. only have electrons that are firmly attached to the atom.
have many free electrons.

{a. have electrons that are easily disiodged from the atoms; and,
c. have many free electrons.)
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13, "Metals such as copper have many free electrons as well -as
electrons capable of being freed easily by a gmall outs{de
. force, so current flows through them easiiy.

a

A materfal is a good conductor because:

—a It transfers electrical energy readily.
~—._b. it prevents the transfer of electricity,
c. lts atomlc-structure-requires large amounts of outside '
force to move electrons. T
.. d. little voltage is needed to move a large amount of
current.

Il e I I T I L T I N I . e T I R I B

» "

R T

“

{a. it transfers electrical energy readily; @nd, d. little
voltage |s needed to move a large amount of current.)

2

o

wWhat are the characteristics of a good conductor?

TR L3 1Oy e o Tt
. R
"y .t

[N

many free electrons.

low resistance to current.

all electrons firmiy attached to atoms.

transfers electrical energy only at high voltages.
high. current-1imiting affect.

WO M E G M R G W W W MmO W W e W W W e W W R e e e
¥

. -

(a. many free electrons; and, b. low resistance to current.)

A material in which only a smaili outside force is required to
free an electron would have a low and make a good
: . Materials such as glass, rubber, and most
non-meialllc materials in which the orbital electrons are firmly
held by ‘the perent atoms are called non-conductors or insulators.
An Insulator transfer electrical energy easily.
) woulid/would not .

Cwm e oM owe o o o o ow m M o e M o o W om o W W o W M o o s a e e

-
- e om o

- (resisfance, conductor, would not)
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16. Because Insulators are poor conductors of electrical energy,
they are used to cover conducting materials to prevent an un-
desired flow of electricity. In the illustration below identify
the materials used as insulators by placing a check mark by the
appropriate lettered arrows:

e e SRR M
-3

%

RUBBER — &

4

b~ cOPPER WINE GLASS — C
- : ENVELOPE .

=
-~

——O— FILAMENT WIRE ————__ | \

Py

METAL SOCHET-0

4
ot

——— ©—~ PORCELAIN BASE N/ . TERMINAL —f ———

v

(o4
,

----..-I--..--.---------_-ngz——--ga—--o‘_-

_j;} rubber: <. glass; e. _porcelain)

L3
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17. InsuTators are used to prevent Undesirable current flow. They
keep pecple from coming into contact with the circuit and thus
becoming conducting paths. themselves; they also protect the
.clrcults from undesired ciirrent flow from within, such as s

short circuit. s [l[ﬂ(‘r‘g)/(,r&; P/q(ks- J;

ﬁﬁmr/c WALLOP
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(G0 TO NEXT FRAME).

18. Non-conductors or insulators are

__a. materials in which eiectrons do not separate from the
atom easily.
b. used to prevent an undeslred flow of current.
—__c. (both of the above)

=

I

(c) both of the above

19. Since non-conductors prevent the transfer of electrical energy,
you can ‘say that they have. )

8
-

a. high reslstance.
many free electrons.
c. few free eiectrons.

\\\\\\ low resistance.

+

{a. “high reslst;nce; c. few free é1ectron§)
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20, Which of the following correctly describe the charactaristics
_of_a conductor? -

\ . 8. has few free electrons

b. ‘transfers electrical energy with little loss

c. acts as an Insulator

d. electrons easily separated from atom

e. acts as a large opposition to current

f. offers simall resistance to current

g. ,requires large outside force to move electrons

h. has many free electrons

- ., e m e om o mom Eomom W =om - - m W Em B = o= o=
" -

r
r
L
\l

]
]
-
]
]

\b. transfers electirical energy with little loss; d. electrons
easily separated from atom; f. offers small resistance tu current;
; h. has many free electrons)

21. Match:
1. copper wire . a. conductor

. many free electrons

2
3. glass ' b. non=-conductor

. high resistancs

Alp—

o

. rubber

T e e ke T
&

.t

h
5. electron separation From atom is easy
6
7

. . few free electrons

-
- - W s o m B m om m W m B m B om o om o om m om B oEm B om om o om B o oW W S m S o = # -

e
T

TS 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ®
‘nnswzasﬁeiven AT THE TOP' OF THE NEXT PAGE.)

4 aTe T R T Ee
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ANSWERS

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON 10
TEST FRAME 29. OTHERWISE, GO BACK TO FRAME 11 AND TAKE THE PRO-

GRAMMED SEQUENCE BEFORE TAKING TEST FRAME 21 AGAIN.

. kecall that one, and perhaps the most Important, of the factors
affecting the resistance of a conductor is the atomié structure
of the maferlal involved. Another factor. to consider is the
length of the conductor. The longer the conductor the farther
the electrons must travel and the highgr the résistance.

Which would have the greatest resistance? (Both rods .
are ‘made of the same material.)

ON

. Resistance in 2 conductor increases as:

a. the length Increases.
the length decreases.
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. 2k. Conductor length has a direct affect on resistance. Simply
stated this meaps that if length is increased, there will be a
corresponding: increase In resistance {if all other factors re;-
main the same). \ .

S ) .
If a copper wire 5 feet long was replaced with a copper wire 10
faat Iong,.reslstanqe'wou]d: -

~
L]

a. halve.
b. double.
¢. remain ‘the same.

u------'u------'----'------\-‘--—«--n--‘

{b) double

’ ~

The flnal\factor to be considered Is the cross-sectlonal area of
the conductor. The larger the dlameter, the more free electrons
avallable and - the lower the resistance.

Which would hive the least resistance? {Both rods are made
of the same material.)

~

—_—a — b

. o W W e E o W e m d m R om W om momomom B S oE oW omoEm oW W S om owomos Woe
.
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26, Reslstance In a conductor Increases as:

a. dlameter increases.
b. dlameter decreases.

., m e M Em Em Em W o m oM oEm W om W E oa W e S D m o m o W e e W omomow e omom

»
F [ ——

{b) diameter decreases -

x

.
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"27. If & conductor & inches _long and 174 inches in diameter were
stratched to 8 Inches with the diameter decreasing to 1/8
inches, -its resistance would:

a. remain the same,
b. decrease.
increase.

{c) increase

. The thiree factors which affect the resistance of a conductor -
ara (1) length, (2) cross-sectional area, and (3) type of materlal
_ (stomic structure)l. Of these three,” the atomic Structure will
have the greatest affect on resistance. .
Which' would have the greatest, resistance?’

(THIS 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE coaREcT
ANSWERS GIVEN AT THE.TOP OF THE NEXT PAGE.)




ANSWERS =~ TEST FRAME 29
Agomlc structure

Length .

L

’ Cross-sectlonal area (dlameter)

IF YOUR ANSWER IS lﬁCURRECia GO BACK TO FRAME 22 AND iﬁﬁf
PROGRAMMED 'SZQUENCE.

If YOUR ANSWER S CORRECT, GO ON TO THE NEXT FRAME.

L
Resistance in a clrcuit Is nesded, otherwise + . ..

Much of the work done in'electrical clrcuits Is due to resistance..
When current-Flows through a .resistance, the energy removed from
the electrons Is given off 'In the Form of heat. in electric
toasters, irons, blankets, and stoves this heat is used directiy.
“in-a Yamp {like the one-In your power supply)., the filament In
the lamp is heated until it glows: bright!y, and the heat provides
‘Ilght. 1m each case, electrons galn energy from the source, then -
9lva off thls added -enercy in the form of heat when they go
* " through' the load.

Resistance Is used to obtain _ . which may lead

gggat..llght ot .
1S » YOU MAY TAKE THE PROGRESS CHECK, OR YoOU MAY STUDY ANY OF

THE OTHER RESOURCES LISTED. * IF YOU TAKE THE PROGRESS CHECK AND ANSWER
ALL THE QUESTIONS CORRECTLY, GO ON TO THE NEXT LESSON. IF KOT, STUDY ANY
METHOD OF INSTRUCTION YOU WESH UNTIL YOU CAN ANSWER ALL THE QUESTIONS

* " CORRECTLY.

LU
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AT THIS POINT, YOU MAY TAKE THE PROGRESS CHEC.., OR YOU MAY STUDY
ANY OF THE OTHER'RESOURCES LISTED. |F YOU TAKE THE PROGRESS
CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTL\Y“,\GQDTO THE NEXT
LESSON., IF NOT, STUDY ANY-METHGD OF INSTRUCTION YO \U{SH UNTIL
YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY.
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‘ OVERVIEW _ ‘
, LESSON 11 :
Resistors ; ]
In this lesson you will study and learn about the following:
' : -compo‘sltlon resistors ‘ a
” S L -wire-wound reslstors :
IS . . -m-echariiéa‘l‘dl,fferences‘ in resistors .,“
;‘ . -wattage rating :
é“:-: - l f
, Each of the above toplcs will be discussed in the order llsted.
B . v
Z As you proceed through thls lesson, observe and follow directions X
33 carefully. . _ ; 1
: BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES i
; ON THE NEXT PAGE. ' g

<9

. 22 :

+
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LIST OF STUDY RESQURCES
LESSON 1!

Reslistors
r E d
To learn the material In this lesson, you have the optlon of *
chgoslng, according to your experience and preferences, any.or
all of the Following: '

STUDY BOOKLEY:
Lesson Narrative
Programmed Instruction
Lesson Summaiy

ENRICHMERT MATERIAL: .
NAVPERS 93400A-1a 'Basic Electricity, Direct Current;"i
Fundamentals of Electronics. Bureau of Naval Personnel.
- Washington, D.C.: U.S. Government Printing Offlice,’ 1965%

[

You may study whatever learning @terla'ls yMe_l_are_necgssany________@. d
to answer the questions in the Lesson Progress Check. All your
answers must be correct before you can go fo Lesson I1i. " Remember
your ins. ructor is available at all times for any asslstance‘ygu T
may need. N '

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YoOU
MAY TAKE THE PROGRESS CHECK AT ANY TIME. '
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NARRAT [VE
LESSON (1

Resistors

Resistors

L)

! Resistors are electrical components which are deslgne ) and manu-
factured to have a specific value of resistance. These components
are used In electrical clrcuits to limit or control the amount of
current flow.

LR S RN B ke T T
s N L i1 .\

Resistors are rated in ohms for resistance value and iIn watts for

' power-handliing ‘capability. The wattage rating refers to the re-
sistor's abllity to dissipate the heat caused by current flow, and is
the maximum power a resistor can dissipate without damage from over-
heating. A resistor's wattage rating Is determined by Its physical
slze and matertal used in Its construction. Usually, the larger the
resistor, the more surface It has exposed to the alir and the quicker
_ it can transfer heat to the air.

*

Pty

Ay .
w

Sekt AT e i B TR A TR e Py A S

Resistors are made from several materlals and In many shapes.
You witl study and learn about two of the more common materla!s,
composition {carbon) and resistance wire.

F}
»

- Composition Resistors

[ "The carbon or composition resistor is the mst common type

- of resistor. [t is made of a mixture of carbon and ctlay.

' Changing the- ratia of carbon to clay changes the resistance

. of the composition. This makes it easy to control the re-

= e eem——glstance--of the_mix so _that_reslstors with a wide range of _ .
values can be made In standard sizes.

Carbon Reslistor

L]

The principal atvantages of a carbon resistor are its low cost
and the simplicity of its manufacture.

_Composition reslstors have two major disadvantages:

I. They oftea change In value with age.
2. They are unable to carry large currents wlthout damage.

All four of the resistors in your power supply are composltlon
resistors.

Wire-Wound Resistors “

The wire-wound resistor s made from wires which have specified
resistance charactaristics. The length of wire needed for the
resistance desired Is wound on a caramic tube, then coated wlth

an lnsulat!ng glaze.
. 31 .
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J

Advantages of the wire-wound resistor are that it can carry
large currents without damage, it can be made to very accurate
resistance values, and it is very stable in value over long
periods of time.

It maln disadvantage is the cost of manufacture.

The drawings beiow show three wire-wound resistors} all
slightly different in construction.

TAPS

AOUNTING
CLIPS

END CONNECTORS

Mechanlcal Differences In Resistors

Reslstors can be classified according to certaln mechanical
differences also.

The resistors in your power supply are examples of fixed
resistors, that is, they have only one resistance value.

The schematic symboi for a fixed resistor is a zig-zag llne: -AAA~

Tapped Reslstors

Tapped-resistors are made with one or more connections avail-
able between the two end terminals so that various values of
reslstance are avajlable from the one resistor. Here is a
drawing of*a tapped reslstor, and its schematic symbol:

A variation of thls Is the s}idIng-contact resistor. Thls
type of reslstor has a tap which can be moved along the re-
sistor. This movement allows the tap to be adjusted to any
destred resistance value. Its appearance and schematic dia-
grams are shown below:
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NOTE: The sliding-contact resistor has the schematic symbol
of a varfable resistor since the amount of resistance used
may be varled. Normally, however, the sliding contact is
.. set for the desired resistance, and once set, is seldom

N chanved. -

Varlable Resistors
A varlsble resistor Is used to change tiie resistance In a
circult at any time. The volume. control on a radio is a
varfable resistor. Variable resistors are subdivided into
potentlometers and rhe’ stats.

a movable contact between them. It is very similar to the
silding-contact resistor in the way it operates, but it Is
different 'In appearance. Here iS a drawing of a potentlometer
and a schematic diagram of a circuit wh!~" (ses one.

A potentlometer has three connections, one at each end w!fﬁ\\>

3 3
1 ¢
Plctorlal . Schematic

The circuit shown controls the way power is dlvided between
front and rear speakers in a car. VThe volume of sound produced by
each speaker is determined by the position of movable contact.

A rheostat uses cnly two connections, one end connection and
a movable contact. A drawing of a rheostat, and a !ighting
controtl circult using a rheostat are shown.

. -j“fw

I
Pictorial Schematic
.. In this clrcult, the rheostat controls current flow in the
"o circuit; therefore, it controls the brightness of the light.
3
. Look at Resistor Board 3~1. See your Instructoer.
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FI11 in the blanks and draw the proper schematic symbol for
each of the resistors on the display board.

M

Type of Hechanical
Construction Type ' Schematic
Ri '
RZ Fixed
RS _
Rk Composition Fixed .
AN

3

Compare your answers with the correct answers given below:

Type of Mechanical
Construction TzEe Schematic
Rl Wire-wound sliding (:cum:au:i;> or -'.Vﬂ
R2 Wire-wour? -Fixed AN~
oy '
R3‘ \lh re-wound Tapped M—
Rk Composition " Fixed AAA~
~ A
'On Practice Board 0-1, connect one dry cell, one lamp, the
switch, and the va:-able 0-10 Q resistor as shown by this \
schematic. :
T DS -1
o Ve
Tg T, Ts

Turn the shaft of the variable resistor, and note the changes
In the brightness of the llight.

z

34
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AT THIS POINT, YOU MAY TAKE THE PROGRESS CHEC., OR YOU MAY STUDY
ANY OF THE OTHER RESOURCES LISTED. |IF YOU TAKE THE PROGRESS
CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTE??&QQUTO THE NEXT
LESSON. |F NOT, STUDY ANY-METHGD OF INSTRUCTION YO ~Hl§H UNTIL
YOU CAN ANSWER ALL THE QUESTICNS CORRECTLY.
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PROGRAMMED INSTRUCTION
. " LESSON Il(
Resistors

TEST FRAMES ARE 13, 25, AND 49. GO FIRST TO FRAME 13 AND SEE -
IF YOU CAN--ANSWER ALL THE QUESTIONS THERE. FOLLOW THE DIRECTIONS
GIVEN AFTER THE TEST FRAME.,

L

1. One thing which must be kept In mind Is that resistance lIs
a physical property, affected solely by physical factors.
To change a resistance vilue, something must be done
- .to the conductor, circuit, or device in question.

If the vol tage applled to a clrcuit-were doubled and as a
result the current flow also dotibled, resistance would:

a. double.

b. ‘halve.. - .

c. quadruple, .

d. not change. ' N

- m m E o m W M e M o S o o i am m Hm o i dm o i B e dm g m W m e oy e

@ not change

. ) N
2. Resistance fs a.physical property and can be changed by:

.. a. varyling the amount of current flow.
___b. increasing or decreasing voltage.
. c. changing components in a“circult.

------------------------------------

{c) changing components In a circuit

N

3. It Is often necessary to limit current flow so that parts of\ﬁ
‘the circuit will not be damaged by too much current. Resistance,
in the form of reslstorsf\gan be used to do this job. Resistors
are used to: N

___a. increase current flow..
. b. control current flow.
.. ©. change the voltage appiied to tha circult.

- R W e o m W m m W o W oam om E m e W W m E o Em W W e e b omk w w m

{b]_control _current flow

29
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h. A resistor Is a clrcult component manufactured to have a speclfic
amount of opposition to current fiow. Thls measured amount of
resistance is called Its ohmic {8) value. The greater the ohmic
value, the greater the opposition to current flow.

Which reslstor would have the greatest resistance to current?

e LD S (S TT R =

------- - O AR SR A AR an AR AR o AR Wy W T E AR M W W Mmoo W m m e

, )
V f 4
N 5.  1f voltage Is held constant, v:hat must be done In‘order to

. decrease the amount .of current flow In the test clrcult below?

r
0
e, ,u-\

a. Replace the.h~ohm resistor with a resistor of

. higher ohmic value. . ) .
. b. Decrease the length of the wire conductor.
. Add another resistor to the circuit. .

c
d. Replace the l-olim resistor with a resistor of
lower chmlc value.

o am M e A M o m m ™ m o e oua e an e e e e A o A AR e AR o e A P

(a. Replace the 4-ohm resistor with a resistor of higher rhmic
value: c. Add another reslistor to the circuit.)

™

30
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6. A resistor may be small in physical size, yet range in -re-
sistance from less than | ohm to several miliion olims.

Which resistor would have the greatest current-1imi'ting effect? .

_-ao -A ‘ i
b, 8
¢ ¢
- d. cannot be determined ° .
A R I e e e e A T T T R R - e e e = = = -~ .
_jg)lggnnot‘be determined . .
7. Which statement is.true? L - '

L

s. It is impossible to determine the ohmic value of a
resistor from its physical size.

b. The smaller the physical size of a resistor, the
larger its ohmic value.

c. The ohmic value of a reslistor always increases as
its size increases.

I

{a) it is impossible to determine the chmic vaiue of. a resistor
from its physical size

-

8. Resistors are also rated in watts as well as ohms. The wattage
rating of a resistor refers’ to its power-handling capability,
that Is, Jts ability to dissipate heat. A resistor’s wattage
rating is determined by its physical size and type of material
used. Usually, the blgger the resistor, the more surface it
has exposed to the alr and the quicker it can transfer heat to
the air. . .

-

. Which resistor would have the. highest wattage rating?

.. o ) ) . o ] —~—
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LI . .

; 9. The wattage rating of a resistor is determined by
et ahd L

% ;_‘ T s W e W gk e W W e M MR e M b M M e o e gl M M M M ow e owm m - W o = o
. .
.
. »

{physical size; type of materfal used]

*

- [ . The povier, or wattage, rating of a resistor Fepresents the
 meximum amount of heat that the resistor can safely dissipate
wfthout being damaged or destroyed.

o,

- The resistors shown below are. of e same type and ohmic velue,
which resistor can best carry the largest -current without damage
due to overheating?

: S . -
R a, '
. re— )
R . B
R - . .
.

Tal A e

------- e T R I T I R T e
+ g

L]

‘ {c)

11. Which reslstor must have the largest ohmic value?

d. cannot be determlned

- e a mr o b owh e e o m s om e e M o e W ok omm W ok M ke W g R e W

(d) cannot be determined

32
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If the resistors shown below are of the same type, which
tesistor would have the highest wattage rating?

-
¥

"b.

B —
'—0:——

———
s
' Sg—
Sg—
———
Sg—
i
Sg—

. Check the statements that correctly describe a resistor.

increases current to load

constructed to any glven value

ohmic value determined by physical size
may be used as a load device

limits current
. cannot' be used as a load

power rating determined by ohmic value
all resistors of the same slze have the same
ohmic value .

a manufactured component .

will not affect clrcuit operation

will affect clrcult operation

THO KOO OW
« & & » & 8 & »

(THIS "IS A'TEST FRAME. - COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)

-
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o - ANSWERS ~ TEST FRAME 13

b. constructed to any given value

i

d. may be Gsed as a load device

v

R R R SO

Ly
L]

. . ‘ e. limits current

hh I

o
R ]

SRR

i.. a manufactured component <

k. will affect circuit operation

l-ﬁ--‘-----ﬁ--ﬁ-ﬁ--ﬁ--nﬂ------ﬁh'----
LS
&

TF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO
L. . TEST FRAME- 25. OTHERWISE, GO BACK TO FRAME | AND TAKE THE PRO-
GRAMMED SEQUENCE BEFORE TAKING TEST FRAME 13 AGAIN. -
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4. Reststors are constructed from several different materials and .
vary In slze and shape. in this frame sequence you will learn '
about two of the most common types -- composition (carbon)
and resistance wire. Read this Infornation carefully. You
will be asked about It In the foilowing frames.

oo-

LAEEE Y .‘.-fé.u‘x‘,’?“ﬂ o

TYPES OF RESISTORS

" Composition Resistors —0 -

L L]
.

!

-

The carbon or composition resistor is the most common type of

resistor. It is made of carbon and clay. Changing the racio _

ie of carbon to clay changes the resistance of the composition. .
e - - This makes it easy to control the resistance of the mix so that

o Fresistors with a wide range of values can be made in standar¢
sizes.

—

Wire-Wound Resistors

The wire-wound resistor is made from wires which have specifled

N resistance characteristics. The length of wire needed for the
resistance deslred Is wound on a ceramic tube, then coatea with
an insulating glaze. - -

FIGURE A

REFER 10 FIGURE A IN FﬁAME 14 IN ANSERING FRAMES 15 TO 22.

15. The two basic types of resistors are:

- ___a. composition and carbon.
b. composition and wire-wound.

W W s o om A W G T 4 M A W MR R 4 W e WM & & M @ & m m m m o= - - o e om W

(b) composition and wire-wound
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16. Another name for a composition resistor is

- dE M M M o W o m B R W o o oMm B o MR mk M e i M W e o M W o S W o

{carbon resistor)

L]

17. Check the way by which a carbon resistor might be identified.

a. -Several connections are attached along the length of -
- the resistor.
b. Mounting brackets are always attached at both ends
of the resistor.
c. Wire leads, which are parallel to the length of the
*  resistor, extend from the center of both ends.

(c) Wire leads, which are parallel to the length of the resistor,
extend from the center of both ends. ‘

18. Which of the following are carbon resistors?

o
o "
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19. Check the'statements that are true of carbon resistors.
a, The ratioc of the carbon-clay mix determines
the ohmic vatue of the resistors produced.
b. Varying the ratio of carbon to zinc changes the
resistor's wattage rating.
¢. The resistance value of carbon resistors depends
on the length of the wire leads which extend from
the ends of the resistor.
d. Standard-size resistors with a wide range of re-
_ sistance values can be manufactured by varying the
ratfo of carbon to clay,

- s m N m E m W o M B o m ™ om om m o= om - = m wm = o

——

(a. The ratio of the carbon-clay mix determines the ohmlc vaiuve

. of the resistors produced; d. Standard-size reslstors with a
wide range of resistance values can be manufactured by varying
the ratio ¢f carbon to clay.)

20. Which of the following are wire-wound resistors?

- me s W om = W om H e om = o o B B B o= o= - - - = = o= - . m Em W e o= = o=

‘
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21. Wire~wound resistors are:
E-%

Three-It

a. constructed by winding thread around a carbon core.
.b. constructed of various lengths of resistance wire.

c, always made of the same kind and amount of wire

and have the same resistance value.
d. made of a mixture or compositlon of.wire, carbon,

and Tnsulating material.
e. the most common type of resistors. ﬁ

r*’?

{b} ggnstructéd d?_barlogs Tengths of resistance wire

22. Resistors which are made of metal conductors wrapped around a
tube of insulation materfal are known as:

a. composition resistors.
b, wire-wound resistors.

I R L T . L ]

{b) wire-wound resistors

23. The principal advantages and disadvantages of carbon resistors

are listed below.

follows .

Advantages of
Carbon Resistors

bisadvantages of
Carbor Resistors

1. inexpenslve and easy to 1.
manufacture

2.
3.

Read them and then answer the question that

ohmic values tend to change
with age

low power-handling capabilities

When would-carbon resistors probably be used?

a. when precise resistance values are required

variations of resistance are acceptable

c. -when precise long-term operation is required
d. when extremely large amounts of heat must be

disslpated

chmic values not highly accurate,
but tolerances usually within

acceptable limits for most civ-
cult applications

b. When low cost Is & primary consideration and reasonable

{b) when low cost ls a primary consideration and reasonable varia-
tions of rcslstancg are acceptable

38
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24 The principal advantages and disadvantages of wire-wound re-
. sistors are listed below., * Read them and then answer the
questions that follows. (Note that the advantages of wire-wound
resistors are the disadvantages of carbon resistors.)

-

‘ Advantages . . Disadvantages
of-Wire-Wound Resistors _ of. Wire-Wound Resistors
1. _resistance values 1: expensive to manufacture

highly accurate and very
stable over long periods
of time _

2. high power-handling
capabilities

When would wire-wound resistors probably be used?

a. when high current-handling capabilities are
required

b. when highly accurate resistance values are
required _ _

c. when only short-term operation of a circuit
is required

d. when circuit operation must remain stable for
long periods of time :

e. when low cost requirements are a primary
consideration

(a. when hligh current-handiing capablilities are requlreh; b. when

highly accurate resistance values are required; d. when circuit
must remain stable for long periods of time)

IR UE £ 1 1 ==

1

2. very accurate values o
3. easy to manufacture

h, low power-handling
5

6

25. Match.

capabt 11ty _’)
expensive

: high power-handling b o j
capability

- W S o W m e o m W W™ o S o W OB ™ o S o o m B mr M m  w m m om

(THIS 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
,ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)

» 4§
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ANSWERS - TEST FRAME 25

-----------------------------------

e

”IF ALL YOUR ANSWERS MATCH THE CuRRELT ANSWERS. YOU MAY GO ON
B TO TEST. FRAME 49. OTHERWISE, GO BACK TO FRAME 14 AND TAKE THE
4 PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 25 AGAIN. .

LR

26, In additlon to classlifylng resistors In terms of the-
from which they are constructed (comiposition and resistance wire),
resistors can be classified also according to the number of

. resistance values they are capable of supplying. The three
’ classifications of resistors are: flxed resistors, tapped
. - resistors, and varlable reslstors.

------------------------------------

(materials)

27. The carbon resistors In your power supply are made for one
value of resistance and cannot be changed. Resistors with
only one set ohmic value are classified as: '

a. fixed rasistors.
b. wvariable resistors.
c. tapped resistors.

------------------------------------

ta) fixed resistors
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Carbon Resistor

goF 1} =gy

These resistors have:

Three-ii

Below are two examples of fixed resistors.

Wi re-Wound Rcsistor‘

—)

1

= 9

a. several resistance values.
b. only one resistance value.
_-.-J---q----(——----

(B} only one resistance.value

-

29. The schematic symbol for a fixed resistor is 2 jagged, zig-zag

Iine.

Which Is the schematic symbei

e

for a fixed resistor?

a. b.
41 E -
= -%%':
(as “~AAA~ b. AAWA~ )
i a1 48
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31. A tapped . .istor is made with one or more connections (taps) .

¥ ot securely fastened between two endIterminals.
’ TAPS
. -~ , . N l‘ ]
MOUNTING -
_ cLIPS
S : — END CONNECTORS

[} -

-The resistor illustrated has how many taps?

- ) R W Sy o bk W W o M Em MR am W A M T o o Em W o A& o e A L

{three) s
. - 32. Each two connections on a tapped resistor provides a specific
value of resistance. - . )

+
H

A tapped resistor can furnish:

a. only one set value of resistance. .
b. more than one value of resistance.

- W e mk mm omm ---’--.- ————— i ——————————————————

{b) more than one value of resistance

"33, The schematic symbcl for a tapped resistor is -LAL-
Each perpendicular line represents a tap.

ODraw the appropriate schematic symﬁol below each resistor
illustrated.
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3%, A varlable resistor is used to change the resistance in a
clircuit whenever necessary. One type of variable resistor is
the ‘'s1iding-contact resistor. The sliding-contact resistor is
maze with an adjustaEIe connection or collar that can be moved
along the reslistor to obtain any desired resistance value with-
in the range of the resisz:or.

which of the follbwing is -a sliding-contact resistor?

._l*\__l’h:ﬁj

- :)\-nz-:-.;.-rin T E T |
L =

- Em s e e B W S E g m S W E e W W M M O e g e o mp W g W W g W m

{a}

{NOTE: The sliding-contact resistor has the schematic symbol of a
varlable resistor, and the amount of resistance used may be varied.
Normally, however, the sliding contact is set for the desired amount
of redistance and once set Is seldom changed.) ,

* 35, One schematlic symbol for varizole resistors is a jagged,
zig-zag line with a sioping arrow cutting across it.

Which would be the schematic symbol for a sliding-contact
* reslstor?

A A
b. Inh-
o Co A
de P

AR M S mp mp omp WE f EE B B M M mp W mp mE M FE 1 e e W W dm mp W mp e o W o= oA
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FEered, oeuteas s gkt mg e
B LY

36. variable resistors can also be represented schematlcally by

The arrow Indicates the moveable contact. -'\i:

Check the schematlc symbols which would be used with the resistor

et

Samten oo

s LY
= da; b) . ; “

37. Match thc‘resis;ors to the appropriate characteristics. ) .

__ .. has only one resistance a. tapped resistor
. value
- —__ 2. represented schematically b. fixed reslstor
\ by
" \ .
\\\ - 3. Eepresented schematically €. varlable resistor
"
. - \ ___ k: represented schematically .
R >y A~

5. 'has more than one specifir
value of resistance avall-
. able depending on how It
is connected
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38. The two remaining types of variable resistors are the rheostat
and the potentiometer. The rheostat has two circuit connections
and the potentiometer has three connections. Identify the variable
resistors below as ejther =@ rheostat or a potentiometer by
writing the name below the illustration.

a.

(2. potentiometer; b. rheostat)’

(NOTE: There are as many connections in a rheostat and a Potentiometer
as there are t's in the words rheostat and potentiometer.

¢

"

39. Although different in appearance, a poteritfometer and sliding-
contact resistor operate in a similar way. The potentiometer is
used in a circuit where frequent cnanges in resistance are neces-
sary while the sliding-contact is used in cases where changes are
seldom required. Both have three connections, one at each end
with a sliding contact between them, whigh can be adjusted to
any desired.

- . Resistance

s " ariable Stiding

Tﬂ'minal Contact

: r' ik r1
i) uu

luishnu
tlement

End Terminals.___

SLIDING “CONTACT
RESISTOR

\resistance}
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k0. Here is_a drawing of a potentiometer and a schematic of a
circuit whlchﬂuses,one.

v ’ ’ L r------.‘
S T 3 i : .
3N 2 H '
- ¥ . ' '
A . ] L]
- . INPUT | .
o ' "
] ;’ : : ’
3 ~ - ! 1
. . L eemnd -
A » roa
i . Plctorial ~ Schematic
" The circuit shows how a potentiometer regulates the volume
o of sound coming from the front and rear speakers of a car E
; radio. The arrow represents the adjustable or variable :
§ contact. . , §
‘\ Which statement Is true? ) . ,‘?
s . ’ a. The volume of sound coming from both speakers depends ' -
e '.:-ﬁ"»-.ghe positinon of the variable sliding contact.
£ . b. A potentiometer has one end termina) and two variable .
S ' 'slidipg contacts. T o . .

- N .
LR A e T I I e A T R T T I T ]

TR PR sy

{a} The volume of sound coining from both speakers depends on the
position of.the variable siiding contact :

- t

Ty e

ki. Recall that a variable resistor Is represented schematically

bv o—ﬂm » in which the.arrow represents ‘the adjustable
. control .or sliding contact. $Since a potentiometer must be '
. connected at three polnts in a circuit, it's schematic symbol
" would be: : ’
| e
' b A~ ’

o
%

(d)

Efpanrs bRt e
Xl .
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k2. Here is 2 drawing and 2 schema;tic of .2 rheostat. A rheostat
differs from a potentiometer in that it uses only one end terminal
and a sliding contact.’

L]

Pictorial . ) Schemat ic

N’hl’ch statements a8re true? )

A rheostat has two connections.
The schematlc symbol for a rheostat Is o-&—o

The schematic symbol for.a rheostat is

A rheostat has three connections - two end terminals
and a moveable contact. '

{a. A rheostat has two connectlons. c. Th: schematic symbol for

a rheostat Is )
o-'.sxv )

-k3. Here Is a schematic-of a lighting control circult In which a
rheostat (S used to control current flow in the clrcuit.

A

If the rheostat is 8djusfed‘so that the amount of reslstance
decreases, what happens to the light?

___a. The Ilght dims. . .
The 1ight burns more brightly.
There would e no change in the intensigy of the light.
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P." L
LY

. bh, ‘Below each schematlc, write the name of the variable resistor
used In the clrcuit.'. . v "

L1 't:

S Ol

E:: * " ) . b . 4
P ) y

& B :;-“

T

T -

ER o 1 [
R ¥ Bt

X : R

Ly N L -

£

& @ — . :
2 ¥ H g

ST R e NS

L . R H .
N ’ !
oF 5
;‘:\— - - - - - - - - ’ - ﬂ' - - - - ’“ - - - - - e - e - -‘ - - - - - - - - - - ,:,
| . . -
i {a. rheostat; b. potentiometer)
¢ 5 .
£ : '
7o 45, In which circult cz-- current flow be changed without replacing N
B { elthér the resisto.- or the battery? f
- " . b ’
?-:' ¢
:‘ﬂ L
" 3 P ¢
; J—— M i "
R . I T T ‘0 LI T R . T R T S T A L
B {a}
-
e
-
\‘i :‘-‘1{ - r ua D;J
ERIC; 5 v

____ N
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k6. Match the fllustrations to the appropriate characteristics.,
. fixed value

£ —— . a *
) fima wi remound E " ‘ =

variable resistance

two flxed - one

variable contact b 2\
.5 low power~handling @( =
capabllity : &95}_’

6. fixed carbon-clay

composition ¢
.  _. 7. tends to change
value with age
___ 8. potenticmeter
9. rheostat
d

{(1.ashb; 2. b; 3. c5 d; §,.d; 5, a; 6. a; 7. a; 8. d; 9. ¢)

D
?

k7. Match.
-ul’ a. fixed
2. o-& b. tapped
=AM\~

- ¢g. wvariable

------------------------------------

49
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" kB, Match. .
PR P : ‘ a. wire-wound .
(f ixed)

b. rheostat

¢. sliding-contact

d. tapped
e. cacbon {fixed)

f. potentiometer

- . R e M Sy W W @ Em M W W W W W W™ W = oW - W m W W W W W w - m e w =
.

(T.b; 2. d; 3. e; B c3 65, a; 6. f)

-

49. List the kind of resistor and draw the proper schematic symbo)
. for each of tiie resistors on Practice Board 3~1. See your

instructor,
Type of Mechanicai
Construction Type Schematic
R1
R2
R3
Rk

v

{(THIS 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
» ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)

50 57
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ANSWERS '~ TEST FRAHE 49

. Type of *Mechanical
Construgtion Typé Schematic -
RY Wire-Wound ‘ $ilding-Contact _&. or A
R2 Wl re-Wound " Fixed ' A~ o
R3 Wire-Wound Tapped Mr

R%¥ Composition Fixed . VVV

IF ALL YOUR ANéHERS MATCH THE CORRECTfANSHERS, YOU MAY GO ON TO
FRAME 50. OTHERWISE, GO BACK TO FRAME 26 AND TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING FRAME 49 AGAIN.

50. On Practice Board 0-1, connect one dry ceil, one lamp,
the switch, and the 0-10 ohm variable rasistor as shown
by thls schematlc:

) e - ;‘2
L ® osa
-1
. Ry
H—Hm'o
Ts T

Turn the shaft of the variable resistor and note the changes'
in the brightness of the iight.

« AT THIS PGINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY
OF THE OTHER RESOURCES LISTED. (F YOU TAKE THE PROGRESS CHECK AND
ANSWER ALL THE QUESTIONS CORRECTLY, GO ON TO THE NEXT LESSON. |IF
NOT, STUDY ANY METHOD OF {NSTRUCTION YOU WISH UNTIL YOU CAN ANSWER
ALL THE QUESTIONS CORRECTLY.

-

51 .
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SUMMARY
LESSON 1)

Resistors

Resistors are components whlch are manufactured to havé a given amount
of resistance and are placed In electrical circuits to limit and control
the amount of current Tlow. Resistors are rated In ohms for resistance
value and in watts for power-handling capabillty.

. Although reslistors are made of Many waterials and in many shapes,
we will cover only twe, of the most common materials and the Shapes
most often used for them. -

3
The Tirst resistor materlal you will study is called composltion
or carbon. The composition res|stor Is made of a mixture of carbon -
and clay which is inexpensive to manufacture and allows easy control
of resistance values. |t has two major dlsadvantages; it may change
In value with age, and it is not able to dissipate a large amount of
heat without damage. The resistors in your power supply are all
composition resistors.

Wire=wound resistors are made from wire which has speciflc reslstance
values. The length of wire needed for a particular reslstance IS
wound on a ceramic tube, then covered with an inswiating glaze. These
resistors are very stabla over long periods of .‘ime, can be made to
very accurate values, and can be buflt to diss!pate & large amount of
heat. Theif main disadvantage is the cost of making them. .

Resistors can be classified according to certain mechanical differences
as well as the material from which they are made., The most often uSed
class is the fixed resistor. These resistors are made S. that they have
only one value of resistance. The schematic Symbol for & fixed resistor

is a zig-zag lline like this: —anArn— -

El

Tapped resistors are made with one or more connect ions between the
two end terminals So that ore resistor may provide more than one
resistance value. Its schexatic Symbol Is shown here: j, |, .

A varfation of the tapped resistor is the sliding-contact Resistor,
which has a movable tap that can be adjusted to any value in’the

resistor's range. It is schematically represented by

OF __ A .

A pctentiometer is a variable resistor with three connections, the
center one movable. The drawings on the next page show a potentio-

meter and a circuit which uses a potentiometer to control power
distribution between two SpeaKers.
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v
Wy A
%f ‘ Speaker #,
E:I' ‘ u
] ,
P INPUT )
i ;
; . Specker #2
B Pictorial - Schematic \
3 A rheostat controls current flow In a circuit and uses only two /
B connections. Here a rheostat is shown wired to vary the bright- &
! ness of a lafip. 2

- J{
.

]

v

.‘\

",
N

Plctorial ' Schematic

If ybu feel you need more informatlon about resistors, continue
studylng thls lesson; if not, perform the experiments at the end of /
the narrative. t

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY )
STUDY THE LESSON NARRATIVE OR THE PROGRAWMED INSTRUCTION OR BOTH. / .
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS

CORRECTLY, GO ON TO FHE NEXT LESSON. |IF NOT, STUDY ANOTHER METHOD

0F INSTRUCTIDN UNTIL YOU CAN ANSWER ALL THE QUEST!DNS CORRECTLY.

* i
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OVERV |EW -
LESSON 111

Resistor Color Code

-

B In thls lesson you wlil study and learn about the following:

~resistor marking. <

.,,\
h & LT
I "

~the color code

L

-part numbering system

Each of 1he above toplcs will be discussed In the order listed.

TA S L gt b reTy S e
R L -
i

As you proceed through this lesson, ébserve and follow directlions

carefully.

BEFORE YOU START THIS LESSON, PREVIEW THE HIST OF STUDY RESOURCES
ON THE NEXT PAGE. '

63
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LIST OF STUDY RESCURCES

LESSON 111

ResI;tor ldentification ‘
(.

To learn the material in this iesson, yc: have the option of choosing,
according to your experience and preferences, any or all of the foi-
iowing:

STUDY BOOKLET:
Lesson Narrative
Programmed lhgtructlon -
Lesson Summary

ENRICHMENT MATERIAL:

NAVPERS 93400A-1a "Basic Electricity, Direct Current."
Fundamentais of Electronics. Bureau Of Naval Personnel.
Washington, D.C.: VU.S. Government Printing Office, 1365.
‘EAM.B, '

o b

AUDI10-VISUAL . .
Sound/S|lde Presentation = '"Resistor Coior Code"

You may study whatever iearning 6éter}algfyou feel are necessary to
answer the questions in the Lesson Progress Check. All your answers
must be correct before you can go to Lesson 1V. Remember, your
instructor' is avallable at all times for any aaslﬁtance you may need.

You MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU MAY
TAKE THE PROGRESS CHECK AT ANY TIME.
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NARRATIVE
LESSON 111

Resistor Identification

Intrbguction

You have learned that current (I} s measured in amperes (a),
voltage (E) -in volts (v}, and now you are dealing with a quan-
tity called resistance {(R}). Resistance alsc is measurable, and
. its unit of mrasurement is the ohm, symbolized by the Greek
I : letter Omega (). Omega is used d because it sounds like ohm.

B Metric pre?ixﬂs are used with ohm also; kilohm and megohm are the
most common. -

Cne ohm is defined as the amount of resistance '.nich permits 1
ampere of current to flow when an EMF of 1 volt is applied
_across 't.

Pause for a moment now to review all the alphabetic symbols we
have so far used:

1 stands’ for current measured in amperes (a).
E stands for voltage measured in volts (/).
R stands for resistance measured in ohms (8).

Write the following ‘'sentences as equations using the
above abbreviations.

. - The EMF Is 60 volts. R
2. Current flow equals 3 mililamperes. . ,
3. The circult has a resistance of 10 megohms. "

Answer: 1. E=60 v; 2. |~ 3ma; 3. R = 10 Mg

3

Reslstor Marking

Resistors‘llke the ones In your power supply are commonly
marked with bands of color to indicate their resistance values.

Bedy Coler
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Always start at the enc of the resistor which has the least body
color showing. The color of the first band tells us the first
number in the resistance value and.the second band tells us the
second digit. The third band indicates the number of zeros to
be used behind the second digit. .

The fourth band also has a special significance. It tells you how
accurately the resistor was manufactured. This band shows the
resistors tolerance as a percentage of the resistance value.

To summarize, the color bands on the resistor indicate values as
follows::
*irst band - first significant digit
Second band - second significant digit
Third band - decimal multiplier (number of zeros to add)
Fourth band - tolerance

The Color Code

How that you know what the bands mean, study the color code used
to indicate resistance values. Fhe standard color code used for
these bands Is shown below, along with a nonsense sentence to help
YOu remember the values. ’

COLOR NUMBER SENTVENCE
Black 0 Bad
Brown ¢ ] Boys
Red ’ 2 Race
Orange 3 OQur
“Yellow ﬁ b Young
Green 5 Girls
Blue. 6 Behind
Violet 7 Victory
Gray 8 Garden
White 9 Walls
TOLERANCE
Gold RS Get
Stiver ' .01 3 10% . Started
- No color ) - 20% . Now
*When this color is used as a multiplier (third band). \

To help tie all this together, we will go through the procedure
for reading the value of one resistor. Then you can practice
reading some others. The resistor we are going to use has color
bands of red, violet, orange, and silver.
. - ‘p"\’ Red ;
Yiclet
Orange
Silver

N

ey e
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-

The red band says tha. the first number -of the resistance value
is 2. The second number is 7, as shpwn by the violet band. We
nowWw Know that the value of the resistor is 27 times some power
of ten. The third (orange) band tells us that the multiplier is
10 to the third power or 1000. The vatue of the resistor Is \
about 27,000 ohms. NOTE: When the color of the third band is
?glghor stlver, the ohmic value of a resistor should be less than
ms

he silver-band indicates that this resistor has a tolerance of
= 10 percent, that is, the value is not more than plus 10 percent
nor less than minus 10 percent of the indicated number. For this

" resistor, 10 percent of 27,000 is 2700, so the value of the resistor
should not be more than 29,700 (27,000 + 2,700 = 29,700) nor less
than 24,300 (27,000 - 2,700 = 24,300).

;f there is no fourth band on a resistor, it has a tolerance of

;hZO Peréent This is what is meant by no color in the gplor code
art. 3

Draw Resistor Practice Board 3-2 from the resource center.and
fill in the following table for the resistors on the board.

- Resistor # . Value s Tolerance

Rt
R2

R3
R4
RS

Answer: TURN RESISTOR PRACTICE BOARO CVES. AND CHECK YOUR ANSWERS.
X

Another popular method of resistor identification Is the Part
Numbering System which uses a series of letters and numbers
to completely describe a resistor.

—{)assmozs —

R831 102 G
Style-(wire wound Characteristlcs Resistance Tolerance
composition, (effects of Value 5
variable, tapped temperature) A
etc.)

-

The number we are primarily concerned with is$ that indicating the
esistance value. The value of resistance ma: be indicated by three,




[
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four, or five digits. In each case, the last digit dictates the
number of zeros to be added to the significant figures represented
by the first two, three, or four digits. For the example shown,
the first two numbers {10) -epresent the significant figures and
the last digit Indicates the number of zeros to be added, so

102 translates to 1000 ohms.

indigation of the value of a p.rec slon resistor miy require the usea
of a decimaj. When this occurs, an R is placed In the resistance
value group such as [32R6., This Indicates a resistance of 132.6

ohms . )
AN

LS

AT THiS POINT, YOU MAY TAKE THE PROGRESS CHECK. OR YOU MAY STUDY ANY

OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND -
ANSWER ALL OF THE QUEST{ONS CORRECTLY, GO TO THE NEXT LESSON. [F NOT, '
STUDY ANY METHOD OF INSTRUCTION YOU \\'ISH UNTIL YOU CAN ANSWER ALL THE

QUESTIONS CORRECTLY.

L3
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~ PROGRAMMED INSTRUCTION
LESSON 111

Resistor Identification

)
4
$
h

TEST FRAMES ARE 6, 33, AND 43. AS BEFOR%, GO FIRST TO TEST FRAME 6
i AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE
La DIRECTIONS GIVEN AFTER EACH TEST FRAME.

1. You have learned that current is measured in amperes, voltage
in volts, and resistance in chms. '

Which correctly matches the letter abbreviations to their appropriate
unit of measure?

e AR e e

___a. &= volts . ._¢. E - volts
] E ~ amps 1 - amps °
;. v ;o ¢ 1 = ohms R - ohms
¥ . ? .
*h __b. 1 - amps
A A R -~ volts
. E - ohus

e T I e T I T T T I . T I I I N . L T

{c) E - volts: | - amps; R - ohms

2. Which correctly matches the unit of measure to its appropriate

symbol?
a. wvolts - v ¢. ohms - a
" amps - a volts -
ohms - 0 amps - v
b. wolts -
amps - a
- ohms - v

{a) volts - v; amps - a; obms ~ Q

‘J’

. &
3. Using the proper letter abbreviations and symbols, write the

following sentences as mathemoticai squations.

L a. The EMF 1s, 60 volts.
b b. Current flow equals 3 milliamperes.

B ) ¢. The circuit has a-resistance of 10 megohms.
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k. 1In this lesson we are concerned with resistance.
The unit of measure for resistance is the

W Em Em Em e B W B L m O Em W M W W W Om m W W m W o om m W e W m m W " = o= om

{ohm)

S. An ohm is the amount of resistance which permits | ampere of
current to flow when an EMF of | volt is applied across it.
This means that {f a resistor with a resistance value of § ohms
is placed In a circuit and an EMF of 1 volt -is applied:

a. 5 amps of current will flow.
« 0.5 amps of current will flow.

c. 1/5 or 0.2 amps of current will flow.
d. | amp of current will flow

- Em Em B m m W E W E S m W O m Y S O M W E W W gy W ok e W om W ow o om wm

o
-

{c) 178 or 0.2 amps of current will flow

6. Which correctly defines the ohm?

a. all opposition to current and voltage.

b. the unit of measure for electron displacement.

c. the unit of measure for applied force.

d. the resistance that permits | amp to flow Ir 1 volt is
applied.

------------------------------------

(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWER GIVEM AT THE TOP OF THE NEXT PAGE.lﬂA”,,

"r
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ANSWERS - TEST FRAME 6

d. the resistance that permivs | amp to flow if 1 volt
is applied

@ E m s m e om b B oS S m om oW s Mmoo W e W oW W B g, B ow o o W o o= =W omom

P r—— ey
L

IF YOUR ANSWER 1S CORRECT, YOU MAY GO ON TO TEST FRAME
33. OTHERWISE, GO BACK TO FRAME ) AND TAKE THE PROGRAMMED

SEQUENCE BEFORE TAKING TEST FRAME 6 AGAIN.

Reslistors possess a measured amount of and are put

into a clrcuit to limit or controi current flow. Becau=e it
Is not always practical to indicate a carbon resistor's ohmic
value by using numbzis, colored bands around the resistor are

used fnstead.

~

This method ‘wouid This method would
probably have the be costly.
numbers hidden.

el

The color ~ode method
s the most Practical.

Knowledge of tne resistor color coding system will assist you
in locating and 1denti-fylng a resistor In a plece cf
equipment.

------------------------------------

(resistance)

64
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8. Each colored band on a resistor has a meaning as shown In the
i1lustration below.

2nd Significant Figure ' Multiplier
1st 5ignificantﬁgure——_l I | I———Tolerance

The actual pumerlcai value assigned to the band wiil bb
determined by its color as shown beiow.

Grey (8) Silver {£10%/a)

Ohmic value
82,0000 * 10%

— oA A e om me W ak mk W B a me R A W M MR e Mk Mk A e g T M o e R m M e W Ak A A

{go *0 the next frame)

9. Ir determining a resistor's ohmic vilue, always start from the
colored band closest to an end of the resistor.

+
L]

At what end should you start in reading the ohmic value of
the following resistors? ) (

ra

=b

-:__-Io a ' i

65
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10. The first band represents the first number (Ist significant
figure) In the reslstance valuz.

{f a resistor’s ohmic value was 820 ohms, which number would
be represented by the first band?

The second band represents the second significant figure in
the resistance value.

If & resistor’s ohmic value was 4300 ohms, whigh number would
be represented by the second band? .

(3)

When reading a resistor's ohmic value, one has to start at the:
___a. end of the resistor with the most body color showing.
__b. band closest to the end.of the reslstor. .

___+C. band farthest from the end of the resistor.

{b) band closest to the end of the resistor

b
a

Match the lettered bands {n the illustration to their correct
meanings .

. first significant figure.
second significant figure.
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T4. Assume that 2 resistor has an ohmic value of 45,000 ohms.

a. What number ls represented by the first band?
.b. What number is represented by the second band?
"€. What js the first significant figire?

d. What is the second significant figure?

A gm wm W M o T o dm wm ow mk o mb o b o e M b o ™ o o wm M M ™ o

TR N o e 4t}

; {a. 4: b, 5; c, 4:d. 5) =

i5, We said that the actual numerical values assigned to the bands
on a resistor are determined by their color. The following
table 11sts the colors used for the bands and their corres-
ponding values. Refer to this table in answering frames 16 to 22.

oy

. SIGHIFtCANT DEC IMAL RES ISTANCE
COLOR F1GURE MULTIPLIER TOLERANCE
Black 0 1 -—-
Brown 1 10 _—
Red 2 100 f———
Orange .3 o 1,000 ——
Yel jow 4 10,000 -—
Green 5 100,000 -—
Blue 6 1,000,000 —_—
violet 7 10,000,000 ———
Gray 8 100,000,000 -
white 9 1,000,000 ,000 -
Gold -—— .l ;5%
Silver -— .01 3 103
A No cofor -—- - 20%

- owm mk M mt w o mE wm W oam W w aml wm wm W W b ol T o o W W W mk W W W w w m o owm

16. If a reslstor's ohmic value 1s 4300 ohms, what will the colors
« be for the first and second signiflcant figures? ’

“a. First significant figure:
‘b. Second slgniflcant figure:

ra
" (a. vellow; b. orange)

67

=
Fgai- ..gil-.”. e

-
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17. What are the values of the first and second significant figures?

Silver

Orange

[
)

s

a. Istsignificant figure:
b. 2nd significant figure:

---_/ ............ e e m o om o o W o e om om W s = e om s = om

N

a. 2; b. b}

* 18. The third band is called the decimal multiplier and indicates
; the number by which the first and. second significant figures
must be multiplied to obtain the ohmic value of the resistor.
For example, If the first two digits of a resistor are 26, and
the color of the third band Is orange, it must be multiplied
by 1000, giving the resistor an ohmic value of 26,000 ohms

or 26ke (26 x 1000 = 26,0000).

What are the ohmic values of each of the foliowing recistors?

a. Q

Yeliow Browns
b. Rod Q
Red ? a i Groeon
Blue . i
c B Q
Gray - Siiver
Violet Orange

d. Q
Red Goid T
. Brown

- am R S MR S A MR e e ik S A MR A up R AR B B e e SE o Sm S M M S W

(a. 4209; b. 56008; c. 87,0000; d. 2.19)

75
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19. The most convenlent way of deallng with the multiplier band
is not to think of it in terms of actual muitiplication by
10, 100, 1000, etc., but merely as an indication of how rany
zeros to add -after the flrst two digits. For example, it the
multiplier band is red, it means add two zeros; if it is white,
add nine zeros.

Each of the following represents the first three coliored bands
. of a resistor. Using oniy the color code table on the right, .
determine the ohmic value of each resistor, -~
’ S$ignificant
Color Figure
Black
trown
Red
Orange
Yellow
Green
Blee2
y Violet
: Gray
White
Golo
Silver ——
Ne color -

a. Brown-Red-Yellow __ @
b. Yellow-Orange-Red __ @
¢. Violet-Red-Orange __ @
d. Blue-8rown-Green __ 9

1 AD OO~ Ol £\ B e O

{a. 120,0000 or 120kQ; b. 14,3000 or K.3kQ; c. 72,0008 or
72kQ; d. 6,100,000Q or 6.1M2)

20.

Match the lettered bands to their meaning.

. first significant figure
2. second significant figure

—_ 3. decimal multiplier

- A m W m m m - = o= A g M M ey o A o e B m o m m wm - m m om o a om

-

{l. d; 2. c; 3. b}

6-’ 76
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of a resistor is seldom exact. For this reason, a fdurth band

is used to detsrmine how accurately the resistor was manufactured.
This band shows the resistor's tolerance as a percentage of the
resistor's value. For example, a 1002 resistor with a~silver
band Indicates a 10% tolerance. This means that the ohmic
value of the resistor wili vary plus or minus 10 percent of
100R2, that Is, the chimic.value will range from 902 to 110q.

£ 2%. The resistance value obtained by reading the first tgree bands

-

What is the range of possible values?
Graen (3)
Red (2)

Brown (1)
Gold (+5%

(237.52 to 262.50Q)

22. Match:

No coior
Gold
Silver

{1. No color --20%; 2. Gold - 6%; 3. Silver - 10%)

-

““--_‘_“‘

23, Match each resistor to its correct ohmic value.

1. 20t a

—2. 320 7% 0 Red (2) Gold (t5%)
Orange (3) Brown (1)

ST
b =% ) Jm)=
I .
$ilventilo$)-—// b— Orange (3)
Rrown (1)
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2k. The color code has been broken down into a sentence to ald In
remembering it. The first letter in each word will represent
the first letter in a color. The sentence is: Bad Boys Race Qur
Young Girls Behind Victory Garden Walls. Get Started Now.

Put the booklet aside and repeat the words to yourself several
times; then proceed to the next frame.

- s e m  E gm oam B W o A W M W M m W M B o om - o W om om o - - m = .

{Go_to next frame.)

25. Now let's assign colors and numbers to each of the wo~ds.

L]

Bad Black 0
Boys Brown 1
Race Red 2
Our Orange 3 i
Young Yellow 4
Girls - Green 5
Behind Blue 6 i
Victory Viclet 7
Garden Gray 8
Walls White 9
Get Geld .
Started Silver .01

’ Now No Celer ---

There is no significant figure for gold, silver, or no color;
however, gold and silver represent the decimal multipliers .1
and .01 respectively.

Study frames 2% and 25 until you have the sequence of celors and
numbers memor Ized. Then write the sentence, ¢olors, and numbers
on a separate sheet of paper before continuing.

e o M W dm dm dm W M o e m b b M dm B dm dm M E oa M v owm W o w wm - - o= -
V //

{Go to next frame)

71

78

|
|
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{// 26. Determine the ohmic values of the following reslstors:

L

a (P b
Orange Green:
Blue Red Brown Viclet
c 1 d L=
Gray Yellow
White Black Red Red
a 1] c. f !
b 1} d Q2

(2. 3,600% or 3.6ki; b. 510,000,0002 or 510MD;
c. B%g: d. b.2008 or b.zko}

®

+ '27. Place the significant figure (0-9) next to the appropriate

color.

___a. gray
____b. white ’
. €. black
d. red
___e. green
. fo yellow
9. blue.
. h. orange
___t. brown
- violet

. As was mentioned earlier, the easiest way of deallng with the
decimatl multiplier Is to determine what figuré” that
color repreSentS then add “that number of zeros to the first
two dlgits. ﬁne +*hird band were yellow you would add
zeros, this woiid be the same as :uitlplying by

(4 10,000 or 10°)
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29. Match the decimel multiplier to the appropriate color.

1. green a. 1,000
T2, red b. 1,000,000,000
T 3. black c. .0l

. k. gray d. 10
___5. brown e. 100,000
___6. violet f. 100,000,000
1. siliver gf 1¢,000
___8. blue hi™ .1

. 9. gold i. 1,000,000
T 10, Yellow j. 10,000,000
___11. orange k. 100
— 12, white i.. 1

------------------------------------

(1. e; 2. k; 3. 1; 4, f; 5.d; 6. j; 7. ¢; 8. 1; 9. h; 10. g;
it. a; 12. b}

30. The fourth band is used to indicate the tolerance. The
colors that will be used for the fourth band are:

e

Get Gold ’ 5%
Started Silver -10%
Now No Color 20%

In the case of no color, -there will simply be no fourth band
and you will assume 20% tolerance.

Determine the ohmic value and telerance for each resistor.

* 'lla c
Red Silver Gold Gray
Whire Orange Brown. Bluse
7 b d
) )
\ ' \
Green Blue e Silver *
" Violet Yellow Red Green
a. _ & c. Q
b. ___@ d. 0
""""""""" P

(a. 29,0092 ¥ 10% or 29ka ¥ 19%; b. 570,000 ¥ 20% or S570ka T 20%;
c. B860a - 5%; d. 6,200,000 = 103 or 6.2Ma - 10%)

! v 8y

b
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31. Write the correct tolerance values for each of the following

colors.,
. a. ho color
# —_b. gold
. c. silver
) a. 20%; b. 5%; c. 10%)
. : 32. Determine the value and toierance for eath resistor in your
i pover supply. y
a. TI -T2 ol %
b. T3 - Th 9’; 3
; c. Th ~T5 ol g o
d. T5-Té Q- %
oo
(a. 4721 10%; 6. 472 % 10%; c. ke T 0% 4. ke T 10%)
33. Get Resistor Practice Board 3-2 from the resources center and )
fill in the following table for the resistors on the board.
Resistor # Vaiue Tolerance .
w ) |
R2
R3
R&
RS ’
(TH1S 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN ON THE TOP OF THE NEXT PAGE.)
) ’
m Ol \
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,

ANSWERS - TEST FRAME 33

TURN RESISTOR PRACTICE BOARD 3-2 OVER AND CHECK YQUR ¢ \
ANSWERS WITH THOSE ON THE BACK OF THE BOARD. . s -

e e e e e e - - - . -\: T -

IF YOUR ANSWERS ARE_§0RRECT, YOU MAY GO ON TO TEST FRAME 43,
UTHSRWISE, GO BACK TO FRAME 7 AND TAKE THE PROGRAMMMED SEQUENCE

BEFORE TAKING TEST FRAME 33 AGAIN, ,

> \

-

34. In addition to the Color Coded method, resistors are identified
in the following form in accordance with established military
.specitications for electronic and communication type equipments:

RD 31 _P " loro &
Resistance
Style
Characteristic
Resistance .
M 4
Tolerance ‘

The above resistor part-numberinhg system is established by ~—_J

- e wm wm o owm owm oy

(military specifications)

“~ . -
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35. The following explains the meaning of the letters and numbers in
the ‘coded, group: RO31PIOROG.
RO31 (Style): The first two digits’ represent the type
y of resistor such as Fixed Wire~wound,
Variable Wire-wound, Fixed Composition;
etc. The next two digits represent
size, power rating, configuration, et-.,
dependent upeo.i the type of resistor.

P {Characteristic): A letter that ipdicates temperature
¥ . characteristics of the resistor.

"10R0 (Resistance Valua): “Pis 15 the most important part of the
' coded group. It may have as many as
% ’ five digits or as few as 3 to indlcate the

ohmic value of a resistor. (More about
this later.)

G (Resistance Tolerance): A letter that indicates the 1imits of the
resistance value.

In the example of military specifications resistor part-numbering
below, indicate the meaning of each section.

El
[l

RBOZ A

" {RBO9-Styie; A~ Characterlstic_J 12501 -0Ohmic Value; F~Tolerance)
{NOTE: Due te the large numbers of possibilities existing for
Style, Characteristic and Tolerance, these values wil) 1ot be
covered in any greater detail, If further information is de~
sired, consult Electronics Installation and Maintenance Book,
pages 3+24% throuah 3-256.)

36. NON.,let's take a closer look at Resistance Magnitude.

Starting with a three digit-number: 103
1. The first two digits are significant figures: 10
2. The thlrd digit Indlcates thefnumber of zeros to be
added to the significant flgures 10,000
Thus we. have 10,000 chms or 10 kiloj/ .

"What Is the resistance of the resistor below?

—6 !RD32P'I 546 J—
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. In addition to the three numerical digits, you may see one with
an R iny it ]ike s0: ’ .
SRO
The R represents a decimal pcint and is used,when indicating
values of ,resistance less than 10 ohms and/or fractions of an
ohm. The example, then, represents 5 ohms or more specifically

5.0 d“ms.’-. -~

What is the resistance of the below resistor?

—JRRO9S4R0G  }—

. Now, on to the four-digit indicator: 1003

1. The first three digits represent s%gnificani figures:
100 tE

2. The fourth digit represents the number of zeros to
be added: 100,000

Oetermine the resistante of the below resistor.

_{34,0000)

. Here, too, an R may be used to- represent a decimal point and will
be used to indlcate ohric values of less than 100 ohms and of
fractions of ohms.

What resistance value |Is represented by:

{10.40)




Three=ii|

. The flve-dligit representation is similar to the three- and four-
digit. The first four digits represent significant figures while
the last digit indicates the number of zeros to be added. For
values of less than 1000 and for fractional parts of an ohm the -
R is used to designate a decimal point.

-What is “the }esistance value of a resistor marked?

T

(1Z,5007)

- Let's run over all ‘three again. -’

1. The three-digit has significant figures and
the last digit Indicates to be added.

The four-digit has significant figures and
the indicates the number of zeros to be added.

The five~digit has significant figures and
the digit indicates the number of zeros to be

added.

Last but not jeast - each system may have an R which
represents a/an .

{l: two, number of zaroes; 2. three, last digit; 3.
last; 4. decimal point)

K

. Indicate the meaning of each section of the Military Specifiéations
resistor part number below:

{style ~ characteristic - value - tolerance)
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43. Determine the value-of resistance for each of the below resistors.

1. —{}RA30A103A .—T) RB10A35002F }—

RNO5BE5R2G —— . !RA.‘HGEROF —

(THIS 1S A TEST FRAME. COMFART YOUR ANSWERS WiTH THE CORRECT
. ANSWERS GIVEN ON THE TOP OF THE NEXT PAGE.)
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ANSWERS ~ TEST FRAME 43

= T 10k
o 2. 350 ka
. 3. s5.0
i 4. s.on .

RO
LT

{F ANY OF YOUR ANSWERS IS INCORRECT, GO BACK TO FRAME 34 AND TAKE THE
FROGRAMMED SEQUENCE'.

e

sy
PR

Ry IF YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU
oK MAY STUDY ANY GF THE OTHER RESGLRCES LISTED. IF YOU TAKE THE PROGRESS
CHECK AND ANSWER ALL THE QUEST!ONS CORRECTLY, GO ON TO THE MEXT LESSON.
IF NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER

ALL THE QUESTIONS CORRECTLY.

H
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Resistor ldentification .

The unit of measure of resistance is the ohm, represented by the

Greek letter omega {n). Metric prefixes commonly used with ohm are
kilo" and mega-. One ohm is defined as the amount of resistance which
permits 1 ampere of current flow when i volt is applied across it.

The value of @ carbon resistor is usually indicated by bands of color
painted on the resistor like this:

4th BAND

_ “BODY COLOR

first band of color indicates the first significant number of
resistance value, the second band tells the second digit, and
thirc band indicates the multiplier (power of ten} to be used.
fourth band indicates ihe tolerance of the resistor's value.

: color used in marking resistors and the numbers they stand for
shown in the table below:

Significant Decimal Resistance
Color Figure . Multiplier Tolerance
Percent +

1

10

100 -

1000

10,0C0

100 ;000
1,000,000
10,000,000
100,000,000
1,000,000,000
oA

0l

Black -
Brown
Red
Orzange
Yellow
Green
Blue
Violet
firay
Wnite
Gold
Silver
No color

RN -0

1
ll\.omwb
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A resistor marked orange,+white, green, and gold would have 39 x 105
ohms with a tolerance of - 5%. The no color listing in the table
meaps that if the resistor has no fourth color band, its tolerance

is = 20%. !NOTE: When the third band {decimal multiplier) is gold
or silver, the ohmMeyalue of a resistor shouid be less than 10 obims.}

In addition to the color cude, resistors are sometimes identified
by a Part Numbering System.

- ~—+€ ) reogp3zoF  }—
P 322

RB09 F

. Style Characteristle Resistance Value Tolerance

The number we are primarily interested in is the ore indicating the
resistance value. The value of resistarce may be .ndicated by three,
four, or five diglts.

In each case, the last digit dictates the number of zeros to be added
te the slgnificant figure represented by the first two, three, or four
digits. For the example shown, %g)represents the first two significant
figures, while the third number {2) tells how many zeros to add. So
322 indicates 3200 ohms. |If a decimal point is required to specify

the value of @ precision resistor, an R is used to represent the
decimal point. As an example: 472.5 @ would be Indlcated as 472R5.

The amount .. power a carbon resistor can dissipate is usually
dependent on jts physical size. The larger resistors have.more
surface area and can transfer heat to the air around them more
quickly than smaller resistors. T

If you wish to learn more about resisters, continue with another part
of Lesson 111, If not, get hesistor Display Board 2 and fili in the
table In the Narrative for Lesson 1!,

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY
STUDY THE LESSON NARRATIVE CR THE PROGRAMMED INSTRUCTION QR BOTH.
IF YOU -AKE THE PROGRESS CHECK AND .ANSWER ALL OF THE QUEST!ONS COR-
RECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY ANOTHER METHOD OF
INSTRUSTION UNTIL YOU CAN ANSWER ALL THE QUEST:ONS CORRECTLY.
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- QVERVIEW
. : LESSON vV

The Ohmmeter

b

In this Iesson} yeu will study and learn about'the following:

-

“=description a£4L$;htimeter

-the meter fave
. =rules for use
=reading resistance
-practical ohmmeter use
’ =ohmmeter uses '
Each of the above topics will be discussed in the order !isted.
Agoyou proceed Ehrough this lesson. observe and follow directions

.

carefully. .

-

+

BEFORE YOU START THIS LESSON, ?REVIEW THE LIST OF STUDY RESOURCES
OM THE NEXT PAGE.

.
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LIST OF STUDY RESOURCES
LESSOR IV

The Chmmeter

L]
~

" To learn the material In this lesson, you have the option of choosing,
accordlng to your experlence and preferences any or all of the
‘ followlng
STUDY BOOKLET: ¢
Lesson Narrative
Programmed Instruction
Lesson Summary — —- e,
ENRICHMENT MATERIAL: !
NAVPCRS 93QOOA fa 'Baslc, Flectricity, Direct Current."
Fundamentals of E!ectronies Bureau of Navail Per»unnel
Vashingten, D:C.: u.s. Governmens Printing Office, 1965.

AUDIG-VISLAL: }
Sound/Sl'de Presentatica = "Measurement of Resistanee-~ he %

Ohimeter.’ AL

You may study whatever Iearnlngimaterials you feel are necessary

to answer the questions in the Lesson Progress Check. All your
answers must be corrsct before you can go on. Remember, your
instructor is ava'lable at all times for any assistance you may need.

YOU MAY NOW STUDY silY OR ALL OF YHE RESOURCES LISTED ABOVE. YOU
.MAY TAKE THE PROGRESS CHECK AT ANY TIME.

85
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NARRAT IVE
LESSON 1V

The Ohometar

Description

The device whlch ic used to measure resistance Is called an
ohmmeter, The schematlc symbol we wlll use for this meter Is
"a circle around the Greek letter omega { ® ). In this
course, we will not use a simple ohmmeter but a multimeter., A
multimeter is just what Its name jmplies; it Is a meter which

can be used for more than one purpose. ' The wultimeter used
here is the Simpson model 260-5P meter which can measure a
wide range of AC and DI voltages and DC current, as well as
reslstance. Here is a picture of the face and.contrals of the
260-5P multimeter,

RANGE SWITCH
There are three’resistance ranges on the Simpson modei 260-5P
miltimeter, R x 1, R x 100, and R x 10,000. All the R ranges

use the top markings on the meter. With.the R x | range selected,

the resistance values are read directly from this scale. (Note
that these numbers read from right to left, not left to right.}

When the switch is turned to R x ‘.00t all the values read from

the scale iust be muitiplled by 100 (add two zeros); for the

R x 10,000 range, four zeros must be added to each number. The
three meter ranges are included to allow you to read over a
greater range of resistance values. Generally, It is best to
use ‘a meter range which causes the polnter to rest gver the
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Il

center two-thlrds of the scale, for the values can be more
easily and accurately read. in this area. The R x 1 range can
be used accurately from 0 to about 200 ohms, the R X 100 range
from roughly 200 to 20,000 ohms, and the R"x 10,000 rande is
useful .rom 20,000 to 2,000,300 ohms.

Rules for lse

Whenever you take a reaaing from a meter, Le sure you are directly
1] front of ‘the meter face. [f you read the meter at an angle,
you vill read an incorrect value, for the pointer wiil seem

either higher or.-lower than i{ actually Is. This rule ayplies to
any kind of meter reading you may make.

An ohmmeter, 1ike any other meter, can be damaged by too much
current flow. The ohmmeter requlres even more care than an am-
mater. or volimeter, however, for it has a voltage source Inside
it an can be more easlly overloaded. For thls reason, pever
connect an ohmmeter into an ene[glzed.nlrcuit. Always make cer=
tain that whatever you.are messuring has no electricity applied
to 1t.

2 -
& - r

The ohmmeter must be "Zeroed' each time the range is changed.
Thls must be done to compensate for differences in the character-
Istics of the battery and test leads used in the meter. Not only.
is"each battery slightly different, but batteriés also change as
" they age.

* .

To ensur: accurate readings, you must perform these steps when
you first use an olmmeter and each time you change the range.

Conaect a red test lead to the '+ jack and a black test

lead to the common {-) connector.

Sat thecﬁtnctlon switch {1aft--and knob) to '“+DC. h

Turn the range selector (middie knob) to the desired setting.
Hold the probes so thac the metal tips make good contact with
each other. .

Turn the "Zero Chms'' control (right-hand knob) to get a zero
reading on the meter. Remember to look at.the meter from a
position straight in front of it. I[f your meter will not
“zero" take it to your Instructor.

The ohmmeter Is now zeroed; separate the leads so you wi Tl
not waste the battery's energy.

+
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Ruading Resistance ] - CoCL
Resistance readings aré made as follows: ~ . .
1. Connect the test probies to the meter: (red to "+ and black
" to common. (<)
2. Zefo the meter (see last page I your memory nesds a push).
- . 1f you don't know what reading to expect, start on the R x )
. scale and change scales later if necessary.
3. Make certain there is no voltage present at the ﬁounts you

are going to measure. .

4, Place the test probes on the points betwecn which you wish
to measure {ends of resistor, etc.). .
5. Read the resistance on the top meter-.scale. {f the pointqr‘
is too far to the left, change to a higher resistance scale;
» 2ero the meter again. Then repeat steps & and 5. ’
"6, Multipty this reading by the value indicated on the range
switch,
7. Turn the range switch to the:t, OOO-volt scale. Thi; prevents
discharge of the battery shen the ohmmeter is not in use
and also protects the meter from ‘amage if someone care-
lessly uses it ylthout first checking the swltch positions.

Ohmmeter ExCeriment . ) . 4 LY

*

** Practice using the ohmmeter by measuring the values of the
resistors on Practice Board 3-2. "Compare your readings to -
the values indicated by the color codé on the resistors.

TR e

Resistor # Value Tolerance
l.
2.
3. .
h.
-.50 l
, . : s 3y ¢ : ,

I o I e e . F AL : YR o
s VR P T — it

4

. .
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-

,'beN BDARD OVER AND CHECK YOUR ANSWERS.
\ . ”~

*

'
»

hhmmater Uses

» ]

Anjohmmeter can do much more for.you than just check whether a
resistor has gone bad. It can check circuit continuity, locate
defective components, and help determine which section of a
complex circult |Is zausing trouble,

1 the laﬁp in your power suppiy fails to ligi:t wiith the l
poier supply plugged in and the Switch closed, we would check
continulty of the circuit’ tu locate the cause of the problem.

The most probab‘e cause of trouble is an open circuit. An open
circuit is like an open switch. that is, there is no path for
current flow. Before using the ohmmeter, unplug the power supply
so therna wll] be no voltage ‘in the circuit. Refer to dtagram on
next page.

-~ .

N
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To find the location of the open, first isolate the famp circuit
by disconnecting the lamp at T6. Set your meter to the R x |
scale and zero the meter. Check again tc he very certain the
power cable for the power supply is not plugged in. Open the
switch to simulate an open circuit. Place one meter lead at I&
and the other on the end of the wire you removed from 16. The
ohmmeter will read infinity (s), indicating that no current

can flow in the circuit. It was necessary to disconnect the wire
from 16 so that the resistors between T4 and 16 would not affect
your reading. This confirms that there is an of open circuit.

Now close the switch., The meter should deflect toward | ohm,
indicating there is now a path for current flow.

Next, loosen the lamp; this will produce the same rzsults as

would a burned-out [a&mp. Once again, read the resistance

from Th to the end of the wire you removed from 16, You should

read Infinlty; If not, unscrew the !ight bulb until you do read

infinity. This time, check point by point to find the open portion

of the circult. You can start with any part of the circuit to make
ntinuity checks, but it will usually be faster to divide It in

half and work from there. Measure between polnt B of the switch

and Th. " The meter deflection Shows that there Is a continuous

path for current between these points, so the trouble must be

somewhere between T6é and polint B of the switch. Now measure

between T6 and terminal A of the lamp. The meter pointer does

not move, SO the open must be between these polnts. Measuring

the resistance of the wire from 76 to B of the lamp indicates

continulty, and the lamp ‘and lamp socket are all that is left. A

check of the resistance from A to B of the lamp socket will

verify that the open has been located.

You tan locate any open In a circuit with an ohmmeter and a
procedure |ike this one.

LI

AT THIS POINT YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY  STUDY ANY

. OF THE OTHER RESOURCES LISTED. 1IF YOU TAKE THE PROGRESS CHECK AND
ANSWER ALL OF THE QUESTIONS CORRECTLY, 'YOU HAVE MASTERED THE MATERIAL
AND ARE READY TO TAKE THE MODULE TEST. SEE YOUR INSTRUCTOR.

IF_YOU DECIDE NOT TO TAKE THE PROGRESS CHECK AT THiS TIME, OR IF
YOU MISSED ONE OR MORE QUESTIONS, STUDY ANY METHOD OF INSTRUCTHON
YOU WISH UNTIL YOU HAVE ANSWERED ALL THE PROGRESS CHECK QUESTIONS
LORRECTLY, THEN SEE YOUR INSTRUCTOR AND ASK TO TAKE THE MODULE TEST..

+
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PROGRAMMED INSTRUCTION
LESSON 1V

The Ohmmeter
TEST FRAMES ARE 16, 23, AND 43. AS PEFORE, GO FIRST TO TEST FRAME

16 AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE
DIRECTIONS GIVEN AFTER THE TEST FRAME.

!. Using the {!lustration below, locate on your multimeter
the six basic components and contrels of the ~impsen 260-5P.

r )

L]

Reset
Button \ =~ Meter Scales

- Range Switch

Function
Switc S

Z - ::lro Ohms
Jacks just
o

{Go on to Frame 2)

List the five different scales found on the meter face.

a.
b.
c.
d.
e.

- e o o A

{a. ohm's scale; b. DC scale; c¢. AC scale; d. AL 2.5v scale;
e. output scale- DB)
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3. The scale used for resistance measurements is the ohm's scale

located at the top of meter face.

Which arrow points to the resistance scale?

To facilitate the use of the multiscaled meter, the Simpsun
260-5F is equipped with two major controls;.these are the meter
function switch and range switch. Using the illustration below,

locate on the meter provided, the function switch and range
switch.,

M

FUNCTION SWITCH
RAHGE SWITCH




L3
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" Do, =

5. The function switch determines how the meter is to be used. for
example, to measure AC voltage, the switch would be in the AC
position. To measure DC current, DU voltage, or resistance the
switch would be in either of the DC positions.

wh}ch setting(s) coula be used when measuring resistance?

+DC
-DeC AC i
—
+DC ) ]
AC b
b o
¥
e o -
¢ A —n — c -Dc ’Ac - -
g
{a and c) ) .
<4
6. To measure direct current, resistance, or DC véltages, the function
~ switch must be in the or the positions.
{¥p€, -DCY_ _ I
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7. The range switch also determines whether the mzter will be used
as a voltmeter, ammeter, or ohmmeter. Wha* range settings would
be used when makling a resistance measureme. t?

.
- W o e e oml e B m @ g e S e B om o W m W o o N e o M o

-

{c}

B. How many ranges are there for measuring resistance? - -

o dm W B m m aa B um O dm o o R um E m wm W e

(3)
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when measuring resistance, the range switch will determine the
multiplier. For example, If the switeh is in the R x 10,000

position and the pointer indicates 15 on the meter face, the
reading would be 150,000 (150K5).

. What would the reading be for the iliustration?

--._in .

. Rx100
\L. Rx10000

(400g or 0.%KQ)

10. The third control, which is labeled 0 ohms, is used to ensure
* the meter's accuracy by compensating for aging of the meter's
internal batteries, whlch are used during resistance measure-
ments.
- <
Locate the 0 ohms contrel on your meter.

{Bo to next frame)
LY

-

L




Three=-{V
& 11. ldentlify the zero ohms control.

'Y JoRR Y

e
J

- W o o oy W o =

12. There are eight test lead jacks on the Simpson 260-5P. Using
the illustration, locate the eight jacks on your meter.

QAT

\__O-J

. ?
.Iuclu__< O
—0 @

These test {acks will be used in conjunction with the red and
black test leads provided.

L T L T

- o Ey W m W ome om

(Go to next frame)
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-

13. The jacks used for resistance measurements are marked common
{-) and positive {+) %ﬁﬂ are located in the lower left-hand
corner of the meter.

Which arrow points to the jacks used when measuring resistance?

LS

1%. Hatch the lettérs to the miltimeter components.

range switch
negative jack
zero ohms control
posltive jack
function switch

o e o e o me w w

o

(1. b; 2. ¢; 3. e; &. d; V. a)

98
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. determines muitiplier
must be adjusted before taking resistance measurements,
scale used for resisfance measurements .
determines how meter will be used e

- o o o o m o m om ™ m om o B o o om o

-

3.d; % aandb)

-

ER

PAFullToxt Provided by ERIC




Y
P.l. o Three-1V

16. The Illustration below shows the components and controls
assoclated with the ohmmeter function of the Slmpson 260-5P
multimeter.’ ’

Study the Illustration and the cgq;;er provided, then list the
> .~ components and controls used when Xfils multimeter Is functioning
s as an (_{HHHET ER.

. q; OHMS \
\ 2 J
: — N ﬂ
i o ® 7
[ ¢® yuT

. =
1. ] 5.
2 6.
3. 7

- eem m m E m o e M e oge M O M S WM o m e o o W W m p oam s e

(TH1S 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT . .
ANSWERS GIVEN AT THE TOP OF THE 'NEXT PAGE.) -

< : 100

. 107

T — — e I —



Three-tV
0

ANSWERS - TEST FRAME 16

2.

3.

~

b,

function switch

range switch

n 4
' zero ohms adjus®

,

ohm's scale {resistance scule)
negative jack
positi-ve jack

test probes (leads)

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO
TEST FRAME 23. OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE PRO-
GRAMMED SEQUENCE BEFORE TAKING TEST FRAME 16 AGAIN.

17. The Simpson 260-5P utiiizes the biack scale at the top of the

.meter face when functioning as an ohmmeter.

SIMPSON
260
SERIES 5
VOLT-0H! MILLIAMETER

L

Note that in relation to the other scales there are two out-
standing differences., First the scale is reversed, that is,
it reads from right to ieft.

If the pointer deflected ail the way to the right, thls vould

indicate

resistance.
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18. Another difference between the ohm's scale and the other scales
is that the Increments (subdivisions) between the major <cale
divisions on the ohm scale are not equal across the entire scale.
The scale Is non~tinear. The non-linearity becomes apparent when
the values between the major divisions are compared. ‘ '

For example, between 0 and 5 the increment values are eqdal to

- ® 1.4 1,2 8 .6 .4 ,2
.2, that is, the scale reads ETC | ._J. I ] I I ‘ ?
Between 5 and 10, however, the values are equal to .5 .

exe 715 I 615 i_ 5]5 j . .o ?“‘

What are the increment values between the major scale divisions .

listed below? ' L0 ST
a. 10 to 20

b. 20 to 30

c. 30 to 100 ] - .
d. "100 to 150 e .
“e. 150 to 200 . LT .

f. 200 to 500 . :

9. 500 to 1 K .ot ) . .

h. 1Thto2K

- e m om oe m omow moaTa s s e aaaaw g m om e o om om e om - o w w W om e

(a. 1;b. 2;¢c. 5 d. 10; e. 50; F. 100; g. 500; h. J;000)

N 9

19. If the pointer does not deflect from the ‘left-hand side, this .
"Indicates elther an extremely large or infinite {»)} resistance,
as would be the case in an open circuit, or that the value of
resistance in question is above the capabilities of the range .
setting. For example, in trying to measure a 2K ohm resistor
on the R x 1 scale, the pointer would not deflect. In this case,
you would move the range switch to the R x 100 position.

“- If no meter deflection is'notég on the R x 100 position, you
' WCJI.IIU -‘ ’ K .,

----------- “ e e omommeam -

- o W om o T e om o e W m om e e

M . 1 .
{change to the R x 10,000. If no deflection occurs, you would
assume, the' circuit to be open.)

.
H

- T 109
"t ) e ] ‘o-‘ ! 2 N

e L T P . T "
ik am b e i st e
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ohmlg”scale are impossible, the Simpson 260-5P mustitimeter is

provided with three resistance ranges. The purpose of the three
sistance ranges is to reduce the meter indication to an area

on the meter scale where a more accurate reading can be taken.

Each resistance position of the range switch is designed to

be used with different resistance range -measurements. .

ol AP IR
[ ]
o
-
N
-
=2
n
o
Y
n
c
A
[
-~
o
(aJ
)
~
3
(aJ
o
=
a
=
o
-t
b
-t
i
o
=2
w
[
~
O
o
=
w
=
]
=2
a
o
*
[
=
o

i

;
:-
i

«J :.
;‘ -
o
f
e
%
kg
L
4

The R x ﬂ'range is used in measurements of 0 to 200 ohms. .

.- The R x 100 range Is used in the measurements of 200 to
20 kilohms. .

» The R.x 10,000 -range is used in the measurements of 20
kilohms and above.
What resistance range should be used with each of the resistance
values Jisted be.ow?

a. 1600 ohms; R x

b. 22 kilohms; R x -
R x :
R x

c. 12 ohms;
d. 1 megohm;.

- e Em S o E o E o F o = o o o o o R R R R L e . T T )

-

(a. 100; b. 10,000; c¢. 1; d. 10,000)

L

2]. Select by letter the setting wnat best covers each range shown. ’ fﬁ{,

0 to 200 ohms
20 kilochms to 2 megohms
. 200 ohms to 20 kilohms

R T ] - e o o o o S o o e @ M w W o & o o o M o=
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To interpret the éircuit or component resistance from the
meter indication, you simply multipiy the meter indication by
the value of the selected range switch position.

For example, the meter indicates 1.6 and the range switch is in
the R x 100 position.

R x 1000 or 1.6 x 100 = 160 ohms
What is the value of the measured resustance of the foliowlng
me*er indications and range switch settings?

METER INDICAT ION ' RANGE SWITCH SETTING RESISTANCE VALUE
a. .7 ° R x 10,000
6 »~
b. 30 R x 100
c. 5.5 R x1 )
d. .25 "R x 10,000 _

{a. 17 kilohms; b. 3 kilohms; c. 5.5 ohms; d. 2.5 kilohms)

23. Complete the chart below with either the resistance value, the
meter indication, or the range switch setting.
METER INDICATION RANGE SWITCH SETTING RES|STANCE VALUE
*.a, - R x 100 , " & Kilohms
b. .55 . 550 Kilohms
c. 7.5 . R x 10,000

- e o A o A B e ok e M e m M T o W A o M e S e o S e e & B o= = o= o

(THIS S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)

'

\

104
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ANSWERS- - TEST FRAME 23

a. .60
b R.x 10,000
z. 75 Kohms ST Te - -

__________________________________

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO
TEST FRAME 43. OTHERWISE, GO BACK TO- FRAME 17 ANC FAKE THE PRO-
GRAMMED. SEQUENCE BEFORE TAKING TEST FRAME 23 AGAIN.

24,

The schematic symbol we will use to represent an ohmmeter is a circle
with the Greek letter omega in the center.

Which of the following repreSents an ohmmeter?

(d}

25.

To measure resistance, the ohmmeter is qonngéied in parailel or
across the device 10 be measured.

Which is correct?

-----------------------------------
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26. The aultimeter, when used as an ohmmeter, uses its own internal
power supply; consequently, an ohmmeter must never be connected
into an energized circuit. This wouid result in extensive damage
to the meter.

Which Is correct for measqring resistance?

{de-energized)




S

S S

P.t. ' ) Three-1tV

. 28, Because the multimeter, when used as an chmmeter, utilizes its
own power supply, there is no need to observe polarity when
measuring resistance. Which [s correct for measuring resistance?

-
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29. Which illustration shows the correct method to measure R?

a. b.

————— St —

——Po—

Recall that the multimeter uses an interna} power supply (batteries)
when utilized as an ohmmeter. To compensate for variations in
these batterles due to aging, the meter is equipped with a variable
resistor, designated the Zero Ohms Control.

Listed below are the proper steps of procedure for checking the
zero reference of the Simpson 260-5P muitimeter.

1. Set the range switch at one of the resistance positions and
. the function switch at either of the G{ positions.
2. Connact the black test lead in the common (=) Jack and the
red test lead in the (+) Jack.
Clip the contact end of the test lzads together to short out
" the resistance circuit. -
Observe the meter indication. |t should read 0 on the
right end of the ohms arc.
1f the pointer ddes not read 0, rotate the 2ero ohms_control
knob until it does. {If the meter will not 2ero, take -it
to your in.tructor.)
Unclip the shorted test leads. The chmmeter Is now ready to
use. '

To ensure an_accurate reading, this procedure must be followed
each time the “range setting is changed. Utilizing these steps,
check sach of the resistance ranges on your meter.

S o W = e M m wm wm S wm e LI
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31. To make a resistance measurement:
. set the function switch to either DC position.

i
2. set the range switch to any range.

3. connect the leads to the meter, black to the common. {-)
4

jack, red to the (+} jack. :
. "Zero" the meter.

ALWAYS® ENSURE THAT THE CIRCUIT 1S DE-ENERGIZED.

L

5. connect the leads across the device to be measured.

. 6. if the R x 10,000 range-is too HIGH, the meter will read
near zero; if this happens rotate thg range selector switch
to the next lower range and re-zero the meter.

- W Em o M M W o w ow S W M w M M om e g e m W oml W om o W m W o W W

(resistance)

32, Using the multimeter and a 27K-ohm resistor, measure its ohmic
value and determine if it is within the allowable tolerance. -

a. within tolerance .
b. not within tolerance

- .(Go to next frame)

33, Oraw Practice Bdard 3-2 from the resource center; measure and
record the resistors' ohmic values. Compare your measurements
with the values indicated by the color codes.

a. Rl ohms .

b. R2 ohms L ] .
c. R3 ohms ’
d. Ri ohms

e, RS ohms t

o W W o m W o W W e m o= E W e W m A A A = A e e & = oA a a =

(a. RI, 240°% 5%; b. R2, 00 ko ¥ 10%; c. R3, 43 ko % 53
..d/ Rb, 2000 T 10%; e. RS, 2702 ¥ 10%)

3%. An ohmmeter can do more than just measure the value of a resistor.
Dne of the most common and important functions of the ohmmeter is
to check circult continulty. A continuity check can be made to
determine if the circuit is properly connected and devices within
the circuit have the correct resistance.

L . T T T B T R L . T . T

_(Go_to_next frame)
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N . ) )

35. A continuity check will indicate whether a circuit is: open,
which means the conducting path may be broken, poorly soldeced,
or connected to the wrong terminai. For example, a burned-out

light bulb or resistor, or a switch which ‘doesn't make contact,
would cause open circuits. In these cases, the meter would -
indicate infinity ()., o .

What would the meter read?

A o7

+

{1+

————
o oum m e ml ml oml ml oml dm A B o e dm ol dm e ol o dE dm mE oum e g ow oml o i e o S dm o
-

o

a. (10 ohms); b: (= or infinity)

4

~

A ! -
36. To make 3 continuity check, set the meter as previously expiained,
then connect the meter in parallel with the circuit or device in
question. Often 't will be necessary to move the meter leads
several times In .grder to successfully isolate the open or short.

What would the meter indicate if the ‘leads were placed at polnts:

—_a Aad B
v, Cand D
c. Dand'B

WL O e m e m R W MR R M W e e W m B G m m MR o R W W W e e

. g \ \\‘\ -
. ~ -

-

la. =; b. 10W; c. =)

L

mo J1vy
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.

37. Using l;ractice"ﬁoard 0-ifapd the circuit you connected in Lesson .
11 of this module, draw 2 schematic diagram of the circult,

AN | e

oo wcp ot *
B -

jn-----a—-p---q'p-------—----—----—--

F3
. |
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38. Again, using Practice Board 0-) and the circuit you connected

in Lesson 1!, unscrew the lamp to present an open circuit at
Since you are going to use an ohmmeter tO make

that point.
continuity checks, what is your next step in readying the cir- °
cuit? .
6"
{De-energize the circuit. Do.so by disconnecting the battery, “
_ or dry -ell, from the circuit entirely.) ) .
Q :. » . ! L] .
~ * 39, Hake cure your switch is closed. Let's take a look at a schematic .
of the circuit as it looks-now:

‘ ' '
! b

»—
@ UNSCREWED

T

Ty _
If your's looks like this, we are ready to proceed.
make the necessary corrections now. ‘

If not,

(GO to next frame}

bO. Set up your multimeter to read resistance and measure the resis~

tance between terminals T! and T8.

" What was your reading?
What does this indicate?

Il \
(@ The clrcuit Fas an open - there is not a: complete path

for current flow.)

mlly
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k1. So now we know that we have-an open in the circuit but == how
- to find 1t?7 About the best method is to divide the circuit into
halves,

N Ta .,

Ts T Ts

You may divide the circuit In any way you wish. We will take

: the.half from T1 to T6 and from 76 to T8. Mcasure the resistance
from 76 to T8.
What was your reading?
What does this indicate?

A O e S O e S e o S O e M @ S W @ W @ W E E E E R S e M m e m m wm -

(between 0 - 10, depending on setting of rheostat; there is
no open here.)

42. This half of the circuit Is eliminated, So you know that the
open IS somewhere between Tl and T6.

Measure betveen T)! and T2Z. reading.
Measure between 12 and T6. reading. ~

Where is your open according to the indicated readings?

- B e S E e W @ M @ M om m e @ W S A W A - m O m m m m Om Om o m M o M

(the Tamp) , v,
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43, Now that you' have ‘earne% the method for finding an open ;
in a circuit, let's try the same circuit. agam-. This time, o
screw the lamp back in and open the switch. *Using your
ohmmeter and a, logical procedure, locate the open‘in the cjr-
cuit. List the. steps you take to find the open, the readings
you obtain, and the conclusions that can'be drawfi.-from those
readings. . P

P
STEPS . READINGS CONCLUS I ONS

LY

--------------------------------------

(THIS 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
 ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)

e 127 ’
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ANSWERS - TEST FRAME 43

- '%’ -
. (There are two possible approaches. if yours is different,
_ you might wish to consult your instructor for confirmation.)
¢ APPROACH ONE
STEFS ~ READANGS ' CONCLUS 10NS
Measure TI-T8 ) @ ) There is an open.
. Measure Ti-T6 ' Zéfo-(approx.) This half is good.
Measure’ T6~T8 @’ . ' The open is iocated
. : In this half.
Measure T6-T7 - ° 0-10 {depending This com;:onen?
. . on setting of - Is good
rheostat) ’
Measure T7-T8 o . Open switch.
« ' APPROACH TWO
Measure T1-T8 « " There is an opea.
Measure T6-T8 . @ Open in this half.
Measure T6-T7 0-1D0 {(depending Thls componentiis
on setting of good.
, - rheostat)

Measure T7-T8 . Open switch.

B T L T I T T T T . T T

IF ANY OF YOUR ANSWERS IS INCORREC, GO BACK TO FRAME 24 AND TAKE THE
PROGRAMMED SEQUENCE

IF YOUR ANSWERS ARE CORRECT YOU MAY TAKE THE-PROGRESS CHECK, OR YOU
MAY STUDY ANY OF THE OTHER RESOJRCES LISTED. iF YOU TAKE THE PROGRESS
CHECK AND ANSWER ALL THE QUESTIONS- CORRECTLY, YOU HAVE MASTERED THE
MATERIAL AND ARE READY TO TAKE THE MODULE TEST. SEE YOUR INSTRUCTOR.

IF. YOU DECIDE NOT TO TAKE THE PROGRESS CHeCK AT THiS TIME, OR IF YoOU
MiSSED ONE OR MORE GUESTEONS, STUDY ANY METHOD.OF IHSTRUCTION YOU WISH

UNTIL YOU HAVE ANSWERED ALL THE PROGRESS CHECK QUESTIONS CORRECTLY. THEN

SEE YOUR INSTRUCTOR AHD ASK TO TAKE THE MODULE TEST.

[ %]

A )

115 122
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SUMMARY
. . ' LESSON IV

The -Ohmmeter . *

Tike this: .« Te reduce the amount of equipment a repair-
man must carry;-the ohmmeter s normally combined with a voltmeter
and an anmeter to make up a multimeter (sometimes called a volt~
ohmemilliammeter or VOM). In the rest of this course you wi

uslng the Simpson mode! 260-5P multimeter to measure circult values

'\Reslstance Is iasureq with an ohnmeter, schematicany represented

ARRILS PP *
OVERLOAD PROTECTED
o VIOLT - OHM - MULLAMMETER BY ANt ABD.1) 9
‘.'.:?&u “- otlt:'l' Waed a WV DC oAy AL Is: HAMGLY m :: =

£

The ohmmeter section of the Simpson 260-5P has three ranges: R x 1,
R x 100, and R » 10,000. These scales can be used to measure re-
slstanccs from about 0 to 200 ohms, 200 to 20,000 ohms, and 20,000 to
2,000,000 ohms.

Rcslstance va!ues are read on the top scale of the meter and the
value Indicated there is muItIp!1ed by the range switch setting
(x 1, x 100, x IO 000) - ..

L .‘«.:‘ ARy T . L+

- Slmpson Hcter Panel , .
116 TQ
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when you use the ohmmeter, theré are several rules to remember to
make accurate readings without endangering yourself or the equipment.
These are:

1. Always take your)eadings from a position directly in {
front of the meter.

2. “"Zero" the meter each time you change the range switch.

3. Never connect an ohmmetﬁr to a circuit which has voltage
present.,

feel certain you are qualified; if not, continue into Lesson IV,

-

AT THIS PBINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH..
IF YOU TALS THE PKOGRESS CHECK AND ANSWER ALL OF THE QUESTIONS COR-
RECTLY, YOU HAVE MASTERED THE MATERIAL AND ARE READY TO TAKE THE
MODULE TEST. SEE YOUR INSTRUCTOR.

*IF YOU DECIDE MOT TO TAKE THE PROGRESS CHECK AT TH1S TIME, OR IF
YOU MISSED ONE OR MORE QUESTIONS, STUDY ANY METHOD OF INSTRUCTION
YOU WISH UNTIL YOU HAVE ANSWERED ALL THE PROGRESS CHECK QUESTIONS
CORRECTLY. THEN SEE YOUR INSTRUCTOR Ai.D ASK TO TAKE THE MODULE
TEST.

T

__You may perform_the '"Ohmmeter Experimentl in-Narrative—IV if-you — — =

-




